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nun sis©»E3Xh 7. 

[jUtt^SQ aSOx/^f^ (WSTl, ws 
T2) ^l^I«SAlMS2^ii (S A 2 
a, SA2b) ic&ZtZ fctt, ^ft (4 0X,~4 
0YO K«fcD&X-r-S?©ffi»£tfBlU ^f-J^ 
«<«B*BI*»ft"r*KIHI*T» ^o=F»tft«fe-5fi[fi 

-7i>3-^ (ENC 1, ENC2) tcfcD&^r- 



40Yi 40Ya 40Y3 




1 

im*m i ] mi -fu-t^mifrtizm 1 mimw£ 
^ft^nwrsi! i ©ffitttHUSBi: ; MiB&xf- 

-v^iiuIBIfl l tt£ttg£ttfB5l! 2 Kr£««2:ONI«9 
i&T£EP^T'MfE2! l ©ffifftftt&BKJ: SINES* 

iitatymSrolBHfcSStt, tff3B#x-r-^©ffifi 
£ituIBJg l <DfitSfl-iJSSi:{iS=S:^¥i4T'f{-SiJt-^^ 
2©{£Bf+$Jgfi£ ; mm$t<DXT-V<Do*><Dffife 
©Xx-v^fufBI! l WrJ£««frStfflB» 2 #Sfil«k: 

faVT®mitLtbz>m i <D&m<Dm$>ic mib^s©* 
urn i »£iw*fcia»T»tt«L»*»2o»ift*ff a 

£ ; £{f;t, 

tuie^ i <D®m£Mmm2<D®W)tt>mftLTftt>tiz 

fgi, £2©ffiHtfillSB£, mjtBSXx-v^ftBfc: 

cfT-Buie^ 1 ©{ififfflJgfifciSMlB&Xx-v^fiE 
BltSW^ £ & 3 EF^T'te , fuf Bfg 2 ©ttfftHB&B 

fcfettSfflHE*T-^©{ftB£-£f«:liJrr § c 
mi:-r5W^]S2 KB*©*?— 
[»#®4] HulB^2CDf4BItjfflgfifi> 'J-7x> 
n-^ *-;Hry-9-, »^**:/1*-©vvfftfr-efc 
§c i:%#iii:-r§ 11*31 1 ~ 3 cD^ttifr-mcmm 
<DXt— v'gfio 

l ~ 4 ©v>-f ftfr-Jgfc: iBSt©*?— $>SB„ 

[ifsR^6] Mian 1 ^£st$fi> mmm<Dx^- 

^■fn^-^fcl2®©Xx-^SBo 
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2 

9 ] msm 1 ©»»©&*•?, mmm 1 , $ 
2 y p -t x t § % 3 y n -tT, frn § s 3 #s 

M$£liE& U ifiiBfl 3 WJ£fH«k:*^TtME» 3 7p 

mMm 10] mi yo-bx^fTtonss 1 
mrtz mm®*?— ~>*©{fcB£ wr zxf— vm. 

-s>©{ftfi*Mt38? l Xgi: ; mE£*r-5WIR 

20 T? fflf2Slft A ^tulB#7. y — ^©MEKW ffitc 
MIB^Xr-^fiifi^Bufam l X 

Sfcttsa*¥ffiT?«-*u ^©tfS'J^^s^^Ttu 
ta^7:x-> ? ©{ufi*ws-r5m2i@t ; t9iaa»© 

flfft, tufB^©7.-r-^©9-5©ffi©Xx-^BU 

30 ffbTfften*^*<fcfe-»©JllilWefcl:, tufBMXx 

mMm 1 l ] MfBS K 12 X@ti, MIB^Xx- 
s?©ffiBKjSi;TaB?«li:*ff*n*J:4:*f«»fr* 

1 2 ] MsSm 2 I@fCfe^5trflE^-Xx-v ? 
©^iBf^-pJISm^^:S■^^v^T, MIB&Xr-v^fHIiWlo] 

40 [|f*«13] S9IB»2lST»t±, U-7x>3- 

mi o~i 2 ©i^-f n**-«fc:i3«©^f— s?ffi«ara 

[If*® 1 4 ] IWB&^f— S^tt, ffiSfC^iE LT 2 
^1 0-1 3©^m^-«fcl2«©^r-^ffillg31 
1 5 ] MIBH l luIB?I^©Xx 

so -isic&^rmmztizz £*ftWL£-?zmMmi o~ 



3 

m$m 1 6 ] mib® 2 wmmtt. mmm^y- 
-?tci3\,*xmm*tis c ^^mt-rsii^js 1 5 1 

rat*® 1 7 ] mib® 2 ^mmt, mzmmoxf- 

10-17 ov^-rn^-^^t2«©7,7 i -^fiH 10 
wa£££^TMiBxx->^B£iiHU 

MIB® 2 Kf ^fB^T-^ Lfe«ME»fi©ttBteBM- «1t 
«K«-3V^T, MIB® 1 W^fflWKfev^TWe/^-^ 

[W*^ 1 9 ] fuBBm^OXx-^l^ MIB® 1 <D® 

**3yp-bX*i<fT*>ti*»3WS6««*ll*U MIB 

mib® 2 «p^®« t t § c t *%fm 1 1 % m 
mMm 2 0 ] ai$g 1 8 x« 1 9 \mm<Dmmm 

fttti^i: ; BuS2tg»^»oT^r©» 1 mmmmtmm 30 

v-^&tij&coT^©® 2 tt£fSU 4: tttsttiZtvo 

temmmfo*. mmmm^n^nmLT^ALLT 2 

#7n&iSf£® 1 X-f-^Stf^x-r-^i: ; MIB& 

xf-^^'>s < 1 1, mib® 1 «p£®«&rmi2^ 2 # 
entf-iUTs® 1 (Dimmmwt ; mib&xx—>*# 

Ef^T-MfB® 1 <Dfi«ftPJSB{c cfc^.sufB^T.'r-^ 
trffi5£olEHfc:S3 1 f % MfB&x-f-^<Dffcfi£MlB 

® 1 offiiittiBygHfcttSfts^ffiTtfsa-rss 2 

BftiflJgBfc ; MIB® 1 Xx~>*£MfB® 1 N^ffiK^ 
5MfB®2f$£^i^ftttT&iN:L£5® 1 £>&W]<D 
MIB® 2 X-r-v^MIB® 2 IftglBttfr SAME 
® l «psa««te|RiWT8Wi*L*«JB 2 vmfeft 3 ) <fc 

mib® i <D^mmmm2<Dmm£t^miLxvit>^ 
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€nMI3® 2 ©ffififfiJgBT-IUHffcfJ-iU-r 5 c f:*«r 

sisals m}m&XT-is<D®m&wicj&vxm&*. 
zu®mwz^mz5z£*¥fWi£?mmi2 uc 

^mc m LxmmcfcttM<D&.m£ ^n^niassnfc 

MIB® l Xf-^ MIB® l 1§£fii!i$i:MfE® l 
?&tU£<DT£<D® 2 

MIB® 2 Xr-v>Hu MIB® l f$£1Btt£lNf£3 2 v- 

Sci:£ft$tt'f"5Iijfc«2 1X14 2 2fcI2*©»teS 
Bo 

[flt$£ 2 4 ] MIB® 1 Rtf» 2 * 
Xttm*tiLWlc{iimtZ&olc&W-$nx^Z<l£ZW 

MIB® l X-f-v^&tfMIB® 2 X-r-i^is <^"f ft&M 

ib® i ¥ffemm£ttm-?-?®tii&<DTii(D&m<Dm 2 
¥ffe®m £ ^tsmmm^mt %c£*m®£tm 
2 1 xa 2 2 izmmvmytmm,, 

HUM 2 6 ] IWBiSW3t¥3ROfi»t»^4:«»IBv- 
*«fflJR©ttffi*i&fc^SttH:, MIB® l cDfuBtfiJ 
gfitf, MIB#Xx-v>'OffiB^H-M1-3® l mUfoR 
IfctitcW&t&B 2 ®\ysfo<D^-ftifr<Dstffl$l£¥-ft 

x&5z£*wm-5m#m2 sicmmvmytmwo 
imM 2 7 ] mtm.Bft^<Dm>^^£mu^- 

ZM&*<omW l fo£&M%WAt. MIB® l <D$MWM 

r;c ntES-r s» 2 itosrifliov^tiottiiiiifc t¥ff 

•p&t^c i:^#^i:-r §lf Mm 2 5 Kffi«0B)fcStIo 
[H*m 2 8 ] MIB® l Xf-^(i, MIB® 1 cD^ffi) 

wiaa«asa(uftfftf ff t>nfc*K , mib® 2 «fssi«(c 

filtfTHK:»«ir*J:i:*W«i:-r*il«JB2 i~2 7 

TS«±{C^-T§S^BT'feoT, 
MIBS^±ov-^^^af§v-^^tti^i: ; MIBS 
^^¥^OT^O® l WfSIWWfclWISv-^ttdllfiOT 

SHSS^^-n^nfffif LTffis: lt 2 Xjmwitzm 1 
nfeswffifuiBijs tr- A«jiUf ltmib^xt-: v<d&. 



5 

^l^©v>1"n©tfS!l«ii:t>¥fi : T4V'>c:i:%«fat-rs 
SftSBo 

mc®W]"im%m2%mt ; iotbb i wtiv>®m\^^ 

2 mmmcft^ xmsss i s^fi^S) <rs £ t «, 
»c, aw5®2awt»LTiifBS2tti^riqit«:»ttRiffi* 

SfH^tti: ; Mi2Sf! 3gptf©MI2S§2i|fc£ftfc*5tt5f/i 

S2S8 2 ffi^ni©«ia6&fif fiuie^ 3 ffimcmmz tu 
mmmtzm i xf->*^ ; tuf2m4^M©Mi2ig 

im$.m 3 1 ] Sui2ig i xf->"RtfMai zx^~ 

z/tDZtiZfttt, Buf2l? 1 Mf2fg 2 ti££J* 

fcOWfcgHWSBB.:, M2!g3^ttRtfM§2i!4g|$# 

< 4: fcMi28! l «tff[Rif«:£Mrr* c 
«3 0fcf5«©»^Ho 

3 2 ] mim 1 X-r-S^RfffflKB 2 7f- 

l (cteMOB^StH. 
[0001] 

BSfloBfSSfflBMin *fS«tt, *r-$>8B* X 

f-yfiwtss, Btt^as&tfBttSB, mow 

5ia©xf-^fr5xf->m tui2?is©x 
r-^©{iB^wn-r§{vtama^a> KtSHwa^ffi 
*fflv^c«)tm & tf ffiiag»©*T-^*B* 

ftgfi, MtffclfgEB^ffi^fflv^cr/^xSBg^rffi 
[0 0 0 2] 

[ft*©OT tE*J:!K ¥W»3R^, BAB**?* 
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6 

^Sji-T § tzSb<D 'J V y 5 7 ^ IgTHi, U 
CW"F» ruf-^;i/j fcttffrTS) fcJB«*tite 

tasft-r*) ±tfE3fr«B^SB^fflt^nTi'»*. 

[0 0 0 3] jfifpfcfel^Ttt, 7./1/-7V bZnUtZ 

7>h • u e-h#ic©*g'.h8»Bft«fi 

10 SftSB a^5X*t->^-XT7^) &H©>I 

[0004] XTWsEx-tts ^x/^ii^n§^ 
^£©T£fc8!&LTBft*fT^;fcD, fiA7f-^ 

SH?tt, ^x/NfcJrrsBJttB^BTf**:, *x 
'n£J& >7XM7v^^yh^Ii^TV\ ^nfr&Bft 
20 £fTV\ Htf^x/^g^frdtt^ia^ «7X/\£ 

jWDBUrfetrtVfco C©fc«>, ^xaM, 77 
-^VUcfrfrilSM CK"R B£ r^-/^7h*l$ 
KJ tf, Sfio^rt'-TVhfciSTS-esBH 

[0005] ^^«^t»^*a#-r^<, ^i/^r- 

2>*£»flliSU 1 0©'7XM7>7"-V > '±©'7XM{C^ 

■T 5 > S'J© "7 x/ nT, f - V s ±T* xy n^^R tf 

mmmmmznx^z mm, 1 o 

6 9^^$BRtfW0 9 8/2 4 1 1 5?£ffi«#J!ED . 
^3b^5aaxr-^S©B^fi©«^t>, 
Xr-^S©B^B©^^IWI«t, -7XMXX- 

[0 0 0 6] 

^sa-ett, ^x^t^-rsB^fTfenT^s^x/N 

40 Xr-i^t, ^iA$iStf«)i/\77^^y htfffte 
[0 0 0 7] C©«£fiH3^T\ B^ffifi (J9»^3S 

©T^ffifi) trv'ftybikw (7-5^^yhm©T 

^ffiB) 4:©^©^iJ' : f^^ty'7XM7 > r-> p ©^l!]ni 
$rx/N*r— :>©ffiB*U~ IfTiWH-fciOB 
I^Ba-T 5 fc*6tc«> U-lfTiSHtfr ©MM If- A*^ 
^tcXr-v ! ^^ltP»ti/c^ii!)M©S^ffitBS|>f^n5 
50 J:5K*-3&g#»*. Z-<Dfclsb<Dj5}££ LT > 
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CO 0 0 8] LfrLfttf^ tu#0^-&{C(i N 9x/\* 

White* 

[0 0 0 9] frfr3«f©TfCft£ftfct,© 
?\ *©£1©1WH\ 3X l>7>y7£fg< C kft< 7. 10 

[0 0 10] £/c, *«^<DS2©BWfi, 

[oo 1 1] sfe, *&ii§©£3©in& m**®© 

v>f *07W*©41tt©fa±fc*4"r*x/V*S 
[0 0 12] 20 

[HM*J!PBrt-*;fc»©#S] 1**8 l fcfBfc©Xx- 
s?gB«\ m i 7u*>xm : 7t>tiz>m i «p«Si« (s a 

l) fcMfBUl •7u-txtimftZfiZ27xHzXtM : 7t> 
ft302«f£fl8 (S A 2 a, SA2b) fc*$tr*n 

(WSTl, WST2) *Wt57f-^8Itffto 
T, MIB&Xir- *>*#'>ft < k fcMIB^ 1 W^IWW&tf 
buIBIS 2 fiftgfiMlc&S £«fc, ifflB«-Xr-^k:»» 

fefi^^n^nifsiji-^^ i (D&mmmw (40 30 

X., 40Xz, 4 0Y.-4 0 Y 3 ) £ ; flMB&X-f— 5> 

jyiwsa 1 ^sm^MfBH? 2 f^s«t©ra*»ft-r 

5g^^T*f}ie^ 1 ©ffiKffl-aiSBfCtSt&E^XT- 

^©fiaitS'jA^tg t ft sm£©-aw8«*^ft < * t> 

#tyfilTS©f5Hfc&3k£, taE£*T-5>©(fcB*ffl 
IBS l ©fiHItagfikfiSftS^Tf+SiJ-r^^ 2 © 
fiBftffl'JSB (ENCi, ENC2) £ ; HufB?i^©7, 

T-*JV>0 ^©m^WT.X-^HUlB^ 1 W Sfi«*>5 

«JI3»2WJE1R«fc|Rl^T»»*t»*a 1 <D®m<Dm 
MfBia©Xx-^©?^©te©Xr-^£fufB 40 

5^2 <o®m*fto <fe 9 *wb*»©*t-s>©s»*im 
mtztemmmw do, 2 0) a ; tuiBit 

cm 2 ©ffigffsijg§T'ii^fctf-»j-rs c tzwwt? 
[0013] ctiK*ntf, §xf-^m<it$ 
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-j**mttL-a&mgm*%% 1 ©<&straj«Bfc «t 

tK ftXr-^OfflHtffHIIISn*. §Xf-^ 
jWB l 2 tf£«*fc©M*£tt-rSEHff 

T% frolS 1 ©{&BtfflJgfifc±£&Xf--S?©(&Bff- 
i«i45^©-W!S%%< fcfc^tyflfig© 

mx-tmwmtzm 2 ©ffiBitsijggt <t k> , §xf- 
y©fiia^ff-ii^n5 0 sfc, sptt©i»siifc«fc»)^ a 

&©Xr- ^o^oBrgo^f-^^ l «F^Bi£fr 
£3!2#£B#fc:fattT&itf*U&S3§ l ©&»©«* 

Itoj; 3 «a© ^f— s?©gf»3ww»«n*. *i/c» 
^®jfj©s«©$ij®©T> % 1 ©£i&kSi 2 v&mttfi 

MffLTfTtotlS^4<kt.-»©JlBlffltCfe^T, 
T-iSZtlZtKDtiLWtffH 2 ©{ufilfiJSBT'lWl^^ff- 
S'J^ti^o fftto^ ^(D^r-^t'l 1 ©SWtfff 

kn> c n fcstff LTfls©^T— s^-ejB 2 <o®mtmt> 

nSBSfc, H 1 ©feBftM^BT'il Xx-^©feB£ff 
iJT'tft<ft§tI^T'feoTt, *^T't±, ^1©{u 
BStM^B k % 2 ©fiBH-aiJSB £ *ft ffl-T 3 c k T\ 
«ia tfiiisif- A©*a*fijbn Lfc 0 x iiJfitr-AA^ 

l*?n«RI*iB©S?*g< Lfc0-rsc4:ft< x #7. 

^©»«««rt^ £*T-^©ffiB*flfl$tH8l'r 
scktfRTtgfcftSo fi^T, ^fi©S3g3Xh^ti^ 
£-tt3£i:ft<, XT-^©fitBfJ®14^[Sj±^-y:5«l 

timmtitz. c©i&&, Ki*®©s«*a/MBfcai 
*ac4:^-efra©"esi*ffi©¥®fi^ti»u xf-^ 
©ffiBW»tt*Mlcift± , r* c k*^T*So 

[0 0 14] C©J&&t*t^, II*S2{CfB®©Xx 
-i/"^B©*< , MIB^Xx-^©{fifitfS'J{i:fflv^t5 
Effil, $ 2 ©fiBff-SiJgfi^^ t5IB#Xx-^©feB 
C*SUT«»)«A*1W»»11 (2 0) £M»cfflM.3Cfc 

[0 0 15] CCJfr&tCfeVT, ff^3tcf3^©7.7 L 
->1W<, lufB»gBli> tulB§Xr-^lu 
IB^ 1 ttS««t«ISBSB2f#S1IH«fc©IBI*»iir*K 
ra^T-tuIB^ 1 ©ffiHtta»llfc:J:«iWnE#XT— s?© 
ffitttfSH*^ ft S KHTtt, suIBm 2 ©ttfittiJg 
B©H-IiJfii^S^f > M!B^ 2 ©feBffS9SB©tfil* 
lRUc*tt«S93BXr-^©fil[H*-StcllRp-rs iiti 

[0 0 16] ±IBW*3ai~3tcfB«g©^Xx-v ? gB 
tcfe^T, m2©iaBtfS'JgBkLTt±, ffl^©gfi^ 
ffl^SC £&T>ZZb\ li*3S4 tfB«©Xr-^gfi 
©to<, tul3^2©fiiBlti'JSB«, 'J-7xyn- 

[0017] ±fBlfi*^ 1 ~ 4 fcS2«©£*r-$>8B 
fcfe^T, tt*«5tcfB«©^r-^SH©«I<, SuIB 
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[0 0 18] ±EW3Ra 1 ~5 fcC«©&*f— S>«B 
tcfe^T, W*S6{£HBffi©Xf-v p gB©&n<s futB 
% l tmE*a©XT-S>fcfc^T3«8Sft 

[0 0 19] CWif^JCfcVT^ H#JK 7 fc|Bfc©Xf 
-^SHOftK, S985S2«fSffi««, SufB*ga©Xf 

KB«©^f— ^«oio«i<, me* 2 tu io 

[0020] ±e»*a i ~8CEi©^f-^i 

fcfe^T, ff;£]S9tiEfc©Xf-^gB©&[K^ MS 
IiO^lOitf?, IWaSBK 3f2:/n-fexi:«Sfc 
SS3yD-b^fTt»tiSS3«p^1S«*SSU ME 
% 3 Kp£ffi«tc i^TMEU 3 7n -t X o fcfcfc , 

-So 

[0021] m#h i o fcK«oxr-^fi[iiea^ra 20 

fi, % l yu-tztfft&tizm 1 tir£1B8fcttE£ l 7 

©x f - ^©ffis^sar 3 xf- ^ffimpffiSffi-p 

oT, MEi§Xf — istfi'Pte. < fc fcMEU 1 Ef£^8R 
tfMEU 2 «F^®«tfeS t *fc, ME&Xf-^fclS 
6 ftfc£|«c$ijg e- L TME&Xf -f* 

&xf-^©ftB£@a-f 513 1 x@£: ; ME&xf- 
^tfMEIg l «F5£®8fcffiEli 2 K£ffi«2:d!)N«»il 30 
^EF^T'MESllfie-AtfME&Xf-^MEK 
tfjBfc 3 fc 5 & v * fc: , ME&Xf -^©fefifcME 
£ 1 IStttJia*¥j*7?W-WL, *©fHM6*fc*3 
^TME£Xf-^©ffiS*gg-rsS2Igi: ; ME 
Mfc©Xf -->*©? ^©m£©Xf-v^MEf! 1 
««3!p6WE*2«p3eiB«H:ifttfT»«i-&L»*ai © 
^Sbcoapftc. ME^a©Xf-v ? ©?-5©te©Xf- 
5>*ttES! 2 ff£fltttfrSttE£ l Itm^fcrRittT^ 
L#>3H 2 ©^Sj^t? cfc 5 fflEJta©Xf— 5>© 
®mzi7?tthic. Mf BIB 1 <D&W)£ MEH 2 ©#i& 40 
fctfMfr LTfrfc>ftS'>&< i:t>-gP©^T*{i, ME 

f!3Xgi; ; *Strcfc£#MfcT3Xx-s>ffiW£S! 

[0 0 2 2] cnfCkntf, §Xf->W<ttl 

l rcHrxfffrtottSJB l »S«H«atf»2 ^n-txtf 
frfc>n3S2i$£®J£K:fcSfc3rfcH: % SXf-^ti 
^e»n/cSI>t®{i:iiJSe-A^TOLT^Xx-v ? ©{4 

*wr*. ^lt. iiis©xx-^©?^©m^©x 50 
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L&zm 1 <D&m<om*te. aa©xr-^©5-&©fl& 

m&Libzm 2 <D®mtt'rt? «fc 5 «a©Xf-S>©£ft 

^n^^s¥ST-(wiB#{CB«-r§o tfcfcs, m^©x 

f-^T'H l <D®W)1) v lft>ti, cftfcMfr LTffi©Xf 
2 ©£S&tf?rfcft3l8K«:, ifflglf-Atf&Xr 
- s>©K»ffifc a fc 5) t\ &x x- ^©fitB^m^tf-il 
7t4^f*^Tt, #Xf->*OM^ 1 XS 

ttiS4*^ffi-etKi u ^©tfsii^tca^v^T^x 
r-^©fftH*«a-rs«ii:T?, sijse-A©*i& en 

©fi££ft< LfcDt5Ci4<, Xf— ^©ffia*e 

a-rscit^Ritii^Sc ctijcto, ^xhr-y^ 

[0 0 2 3] c©ifr&K:fevT, gft$£l 1}C|3®©X 
f-v ? fitfiWa^)4©^<> MEIflK ^2X@«, tu 
E&Xf -^©ftfifcJSCTjiftWfc:^fT2ft£ c £ 

[0 0 2 4] COm&fc&^T. H$£ 1 2 £E«©ffi 

B@a£a©ftK, «HE*2iSK*tt*iwa#xf— 

^©ffiBltS'JIS^^S^^T, MIB=&Xf-y©tf-M7a 
[o]©fitB*-S{c^it-r 3^ 4 ig*!6fc*& c i: £ f 

[0 0 2 5] ±IBIf*3S 1 0~ 1 2{cg2fc©&Xf-v ? 

tiLWgmjjmias^T, mumi 3 KiE«©ffi«B3£ 

>*©{in<> SulB^2X@-(?tt, 'J-7xyn-^ 
;H*>^ ^«^«-b>-9-©^-fn^fflv>Ttulfi^x 

f -^©fefi^n-sij-r §^«t£-r§^«tT'$3o 

[0 0 2 6] ±IBI»*^ 10-13 tclB«©^Xf-i/* 

ffimraMrttfcfet^T, is*«i 4 tcE«©(ftBea» 

}4©to<v tulB^-Xf-^i, ffiS{c34±£LT2^7t¥ 
Etc jft^ T^BjrI^T-S 3 c 1 1 Z> at tfT* ft 3 o 

[0027] ±ibh j%m 10-14 icmm<o&XT 
j*©iin<, tufa* 1 ^®tttt. Miaga©xf— 

[0 0 2 8] ClO^fcfe^T, II*® 1 6£|Bfc©{4 
if®5fffiiDjn<, tuffi®2«f^«tt, tulB«a©x 
f— ^K*v»T3Rffl?nsci:i:LTt)^U li^S 
1 7fcf5«©{4«gS^S©»<, WEIB2^«W 
tt, S985ffla©xf-^4ffKfflg(Ucg9:tt etiri>S c: 

[0 0 2 9] lf*« 1 8fcE«©«Wtt, ~?X?±K& 

si^gt'Sot, n*ai o~i 7©v^-rti^-^ 
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mzwm u mes& 2 wmmm^^xmmmm<Dim 
mmmoimicmtzm mim-i^x, Miem 1 it %m 

[0 0 3 0] CftlZ&ftli, tm^l 0-1 7<D^-fft 

imt>mm^n, m 2 ftfemmas^xmucDttLwicm 
-Tsui mwrnizzn, m 2 #£m$t:« t 

BKMf £1i$8£g-3VT, II 1 ffSfS^tfel^T^ 10 

[0 0 3 1] C<Di§£{C*3l^T, ff^Sl 9K:IB§c<£>M 
MfB*x-i^§cB£ftSS1£££glir 3 

mm 2%ffemmcfotfT®mTz, ctttszttfr-z 20 

[0032] mmz oimrnvmim, $mm 1 sx 
tii 9{ciescos^a^ffl^Tx'x^±^^$n/c 

[0033] w*«2 1 icmmvmytmwiz, vx^ 
(r) o/^-y^s^Tt^ (pl) zftLxmm 

(W) ±(cS¥-r§M^HT'feoT, MIEg<£±<Dv 
-^£1$ffif 3'>&< 1 OOV-^^tB^ ( A L G 
1, ALG2) £ ; MbB£!^¥&<DT73<D?£ 1 30 

HLX 2 #7t^»rf 1 Xf-'^ (W S T 1 ) Rtfig 
2 7.X-V* (WS T 2) ii ; iuffi&Xx-^tf'>&< i: 

mmm i ^^s^stiiBm 2 1 1 

MfB&Xx-^ciS«-£ftft£affi«J:Se-A£ 

OttBfHfJSB (4 OX,, 4 0Xe, 4 0Y,~40 
Y») t ; fiNE&*"r-2>tfflHE£ l RpSaUSfcBifiES 
2«fS«*i:OIHI*8W|-r*KM'feSW5SB l OffiWTt 40 

B(flB#7.x-^<DteB*t(ffB^ l OffiBSNIISIIfcttg 
» S Ttt $IT 5 SB 2 ©{iBtf-ffl'JSB (ENCi, E 
N C 2) £ ; MfBH l Xt-5?*M13SB l WJ61»W*6 

SulB^ 2 Xt-^*IWEIB 2 tiftKttfr&fflEai 

MI2«SSc©^r-^0»l!i*»JW , rs»»i*JffliSH (1 

9, 2 0) BulBffH <D®mtmim2CD® 50 
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T> HufBMXT-S^ft^ ftfufBSB 2 o&BltiJSB 

[0 0 3 4] CttfCfcftfcf, Sfi**n^tlffi«rLTia 
it LT 2 Xjx&fflr&X l Xf-^S^2Xf-^ 

mmc h % 1 1 1 gxf- s>esiw- e> ft fcsttffifc 

iJSlf-A^^LTfufiffiJ1-§S 1 (DfitBftiJSB 
C*»)#Xf— ^oteBtfSl^fitoftSo $fc> §Xr 
-^»l»^«fc*2f^1R«i:OlBI*»ft-r*K 
l OffllIfHIW«fcJ:**Xr--^OffijllH« 

tHffltffrfcftSo g;|&f&l»gfifc«»:»>, ^lXf 
l 2 «F®B«K:fiitf T^IWL 

asm i a&m<om$ ^ is2XT-v*m2ttfcw& 
frbffimm 1 6E«Ki«:iRiw-T3ii« l^ssi 2 <d&kj 

&®%mmw<DM®<DT. ±.m<Dm\<D®mtm2 
<mm t ttffif t rff t>ft 5 < t -gp<omra t « 

l/^T, tuffiWXx-^^ft^ftofeB^SufB® 2 (Dfifi 
H-iJSfiT-(W|Bf icfHWShS. T&fr^ S 1 xf->* 
7?^ 1 ©gUfttffffrft, Zft£MfiLXWi2 7,7— i/X 

% 2 <D®®t>mt>tizmc % 1 ofiBitsijgB-e^M 

*r-s>0ffiiH£ffiil-efrfc< IS 

1 ott BitiJSB £ m 2 (Dimmmm tzmtzz. 
£x\ aufiif-A<D*a«i9^>Lfct), wfie-ix^jw 

T-i/mmmnftxcD{mitnmm\?5 c t^uB 

[0 0 3 5] C<D*&fCfe^T, 3S*^ 2 2 KS5«<DB 

SiJSI^fi (2 0) *Kfc«*.SCfcfc-r*Cfc#T»* 

[0 0 3 6] ±IBaf*3S2 1 &tf 2 2fcf3«0#M)tg 
BtC*5^T^ ffl*^2 3(C|3^©li7tegB©*<> MI3 

WillOteBfc^ft^ftiBB^ftfelg 1 v-^&Hj£ (A 

LGl) Rt>'^2V-^^f±l^ (ALG2) 

ft> WEJgl^r-^tt, AulBlf l ItS^tMfBIg l 



(8) 

13 

ffijU MIBS^Xr-^a:, iulBII l ftfeffiM£ttm% 

2 v-^^ai^©"f 7?©^ 2 <t# mmmttt^tsffimr* 

[0 0 3 7] C<D^C*5V^T, W#®2 4 te3S«©» 

ftgB©fcn<> Huia^iat>*^2v-^^aj^i > 

#S&&Blc{iB-tS <t 5 fcBEB£ftT^£ £ i: t-T 5 
[0 0 3 8] ±I2ff*«2 1M2 2 {CfBfcCD&Kftll 

©cfc^T, mMmz 5imm<Dmytmw<DW<. Mia 10 
n> tuia^i xx-^wiuiB^2 7.r-^i> v>-rn 

ttulfiil 1 1f^H?i:MHav-^^ai^©T77CO«ji(D 

[0 0 3 9] C©tI-g-(C*5V>T, H*«2 6fCK*0* 

xmwvm < , suias»^^<os^^^t suiav-^ 
«m*©«ajifiC>fc*ii*«n±. mzm i (DtiLmmm 
mt>\ mm&*T-i?<D{tLwmm\-fz>m 1 mufaRxs 
c n^g^rr sn 2 mj5fa<D^-?ftfr<Dmm tmix 20 

<D^m>^t^m^mit, tffisss 1 <D{ii.wmmwt)\ 
Mta^x-r-^fitH^itPJ-rs^ 1 w^[pjRt>"iin^ 
nsrr sn 2 i4^fBjcov^-rn<Dits>jii6 1 feWT-^^c: 

[0040] ±iBif^2 1~27 \ztm<D&mwg.w 

{Cfe^T, H^<]I2 8Wa«<D®7£gB<DftK, tuia^ 

1 tuia^ 1 <d®wj<d&*t:\ tuiaxx-^ 

±{cicS-T?)Sffi^^t-^fc46(D^3^li^^fi 30 
U itufBii 3 #^SMiHc^*3^TMiaS^^lti^^fTb 

[0 0 4 1 ] |f*]S2 9 tfBfcCDKftgBfc}:, V7^<D 

bt&-?t, Mias«±<Dv-^^^ta-r§v-^^ai 

; Miag^¥^©T7^(Dm 1 ^i^MIBx-- 

susf^ tufas^ ; en^nffijtLTffiiiLT2^7t 

fg 2 ffi73 (o]©v>-rnoit}fl'JI* 4; t, i: 

[0042] cnic&nis, mm^mmtmzn&m 
mtttimnmmwmmiifa-ehzm u mz msfa 
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JcO^ ^*^4:^ai^L^lR^2|fi^[R)tcra 

[0043] mmm3 oizmm<Dmwiz. yem (p 

fiT'&^T, |g 1 ffc^t&gjRjig&lg 1 (8 4 

X) t ; itufSff l SIWcttLTMIB^ 1 $fc£in]i:MtBft 

T^BStX, tulfimi$47a[Plt^®IRr^^2g|3M (8 
5 X) t ; iuIBfg l gPMO^ii^ff-pTlfilB^ l fi^fa 

J5folZ®®"im&m 3 ( 2 7 2 Y ) t ; SufBH 2 hp 
tt<D®micft^TnHmm 1 tfi^r^&ib-r S 1 4: t 
fulfill? 2 a$Wc*f LTbuIBH? 2 tttfrftteSBfrRragai! 4 
SPtt ( 2 7 4 Y ) t ; fulfil 3 SUM cDMIBIg 2 ||&^[p] fc 
felt -SMIB^ 2 flSttffiaJttffi££?. MIB^ 3 BPMCS 

mis ft, mm* (wo swrssixf-f (wst 

(W2) KUmirzWiZKT—i? (wst 2) £ 

MIB^ l ^f-ystf|}ES 2 7f- WZtiZti 
li, iWE3tt*IRO"R«r*#ty» l WjE««i:K» 1 

[0 0 4 4] CtlfCfctltf. I17f-^tt, ^3g|3W 
2 W^lRlKgJft-r %<DlCft^T%iZ ffll3falC&W}nl 

mv$>z>tti>ic mz®wtfmiwj]faic&wi?5<D 
fcffoT»iiiii»iRite»ttRr*6T**. 9i 

K $2Xf->U 2^7tSF 1 3^SiRlll4;^oTV^ 

^Sj^SM) i: l tt£1NU t § m 2 
(75-Yp<y h5^A L GIC&ZT?^ *y btf'<7t>ft& 

tsmmmwzm u mz 7.7--i?i?®wmmx>&z><D 

X\ m l #^IH^ 2 WfsgfiBttoEH© § *JStf IrI± 



(9) 

15 

[0 0 4 5] C<Dm£fctS^T, »*^3 1 fciEIJcOB 
ftgB©fr] < , tu!2m 1 X^-^RtffufBIg 2 
©^n^'nte, Suffix l KPJgfil«2:MIB% 2 WrSffi«fc 

©H*£»rr5ig»c, suia^3gwao : tuis^4ai3W<D 
t t.swes i urariRifcfci&f a c t tt a c tare* 

[0 0 4 6] ±KI8#E 3 0 RI>* 3 1 KEKO&ffftSe 10 
SB l Xf— S^RtftWBSl 2 xf-W4 < fe-* 

tuIBS 2 Xf->Wi < t fc-£tt, ^oawjfcw 

'J>ft< fcfc 1 g£fi#faXttK2&7CffikE£-rsg3 
HKFlRlRtf«»^lRl0 3 i*fi^lRl<D'>4< fct. 1 

Ir]© 5 i:fcffiM©2gSa^lR)^^K)pr^-e 20 

[0 0 4 7] 

s-^TSturr*. a i tii, m 1 (Dmmmmicm^m 

[0 0 4 8] c^Kft^B l Oti, ^BS«M(/I 
35p6J»WrsJH9i* I OP, U^?;l/R£±£ LTF/r£ 

©jfes^iRi (YW^riRi (0 1 ic&ifzmmmxyifa) ) 

tl&Jf LT3fciLT2#7tffi (XYffi) ±.*&9}}?&m 
1 7f-'>*i: LTW^I^Xf-^'WS T 1 , ^2X-r 
LTOXAXf-i^WS T 2£#t?X7 1 -: 

H3 0m*ffiz.T^5o 
[0 0 4 9] mHtMtLXlt. CCXHA r Fx*>/ 40 

vU-f (tti^ifcRl 9 3nm) tffflV»6nT^«. ft 

48, F, U-+f (fcHJjSS 1 5 7 nm) 

«o/^i/xjg^*m*-rs^;i/xu— ifjtai^ Kr 

Fl+->VWf (t±)*&S2 4 8 nm) ftHOjfiKfl. 
[0 0 5 0] JiaBtt, *0/W*f8tt©«9iILJSi6S 
«Jffll£lll8 (@4» iaoTW?n5J;?tS 50 
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[0 0 5 1] fiuE!!8i$itt9^«:, tyf-fAMyf^ 

yb\ RXffimuvX% (v^-fhfcHS**) 
fiSc£ft, Uf-^;l/R±Oje® (feS^{4P33tt«) ©Raw 

*fcfl*BB¥9-4 0 0 9 5 6^^BftHKB8^SnTV 
[0 0 5 2] t&EU^MBtt^tt* l/**;l/R*«# 

bxm i m^s uf^;i/^f-^-^ 3 2 tja-a 
txy zwmfoxmmwzv^'? h^-v*. s t 

[0 0 5 3] Pf^;Wf->*RST(t UlStCtt, U 
f^;Wf-^-7 3 2(D±ffitr^oTYffi^fR]tm 

Zfdzfifa (ZM@5©EIlSflS[l) ^/J»nJ^ftU 

^LTU^^^R^iRS^^nTV^o 
[0 0 5 4] M8BU^^;HKS6gB2 6«, ^IBtett, U 
f-^WBij7.x-^£ Y«l^lRltl3»f § U -7t-^ 

^riRjtciKSi-r s jj-w x n >r *^«^A/T«j«s n 

[0 0 5 5] ±5S<D«fc5fc> Uf^^r-^RST 

fev^Ttt, SI±> Uf^;^f-i?RST(i, 
;HKi&§P2 6fC«fct)Xflfl, YtttflRjOflteMBiK 8zS 

#A/c«j*?n3#, la i Rt?a 4 -ettH^oflerji* 

[0 0 5 6] l/f-^^x-^R S T©fuSRt>*lHl^a 
ti, l/f^;I/Xf-yR S T±JcHS*tlfcSflMt3 4 

f-^;l^F»Sf->^rA3 6t«fcoTtfJB!l*n % COUf 

^^T^ff^XxA 3 6 oW-iUtt^f— s?W»SB l 

®^S2o (0iT*a^0^ 04#hb) jcfae^n* 
[0057] «nEjft»«¥*p La, vstmw 

^6tiTV»«. cofeft^ U^^;UR(cM^ I op*> 
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izk-o xmm s nrcBftfr 6 o*s»)tJiwa»jt** p 

Xft©&/ V]/*J8l*©gfclS«ft¥£ P L ©fiffiiJ©*! 

mnm<owJ7.vm^w\^M^n^o io 

[0 0 5 8] fiK^^PLfcLTtt, ftigfcLTAr 
^3*£fcti, Eiffels? (l/VXIf) (DfrfrZiR 
fflV»*«^tett, #J*&lWP3-2 8 2 5 2 7*§&fg 

®Zi3$T**7bVv?Jk (SWJBJJflfi) * 

tiSo fflU FiP— •f3HB*fflv»a«^'fCx JBSflfi* 20 

[0 0 5 9] MEX"r-5>S«3 014, *35FO±^rT? 
£&30©BSJg3-X<y h 5 3 ^LTBtf*f£ 
$fif?n/i: , i'XAXf->X-X 1 2, KStx/nXt— 
1 2©±®K?BoT#j£g#l*ilTi&3X«tfflsl 

7} [Rl afi L T 2 tyjx&Wt 5 2 00-)x/^f-^W 
ST 1> WST2, Rtfiin^O^X/NXf-v'WST 

k w s t 2 %*ti?nmwrr% xf-^nii^i 

*.TI/>£ 0 30 
[0 0 6 0] SufBX-r-^IEib^tts E2(D¥ffiH(i:^ 
£ttSJ:3f<:, ^XAXf-^-Xl 2©Yif|!|^(Pl- 

ii (+y«oi) fctefiw (-Yii) fc^-n^nsBg^n, x 

Wl^lRlf<:®tfS-W©Xf|!lUx7 , ^K8 3Xi, 8 3 
X 2 , iinP.(DXfftUx7^V F8 3X,, 8 3Xit» 
oT^tft-TSS— W©X71'^'8 4 Xi. 8 5 X. St/8 
4X 2 , 8 5X 2 , fuBBX^-f ^*8 4 X,, 84X 2 tf-?-© 
M^fclStte>tl3£££>fcf£Xv^8 4X>, 8 4X 2 
fc-ttWfcXtttfffijfCgJKrr « YttU -T^T-Y F7 2 
Y, St>*MIEX7-r^"8 5X.. 8 5X^^010:^ 40 
tf<btlZtt&im7,7J¥8 5X>, 8 5Xz£-ftW 
tX«D&lRlfc»ltrrSY(lll«;x7^K7 4 Y9««* 
TV>§„ 

[0 0 6 1] tulB-WOXWUx7^WK8 3X,, 8 
3 X 2 tt, WAtf X«D5TlRllC»-3TBfSIIBHlTE11«n 

■CV*„ Xftt'Jx7#-l' F8 3X.fi, HI, 
JfgPW52A, 5 2BKioT^ftm. 50 
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fc, ffi^OX«lUx7^F8 3Xi«, *iSF^63f 
£©;g£©{£S (HufBXf4Ux7^V F8 3 X> 

«o*aaw3awp« 52c, 520^0 t^?tit 

[0 0 6 2] HUlB20(DX5-Y^'8 4X., 8 5X.(t 
XttU-735f>rF8 3X.*±»Raii3Er^5BI€rJ:^ 

«fc «J X|4'JX7*V F 8 3 X, ICttLTtttmiCXZi 
RpSftTVSo Ln5<0X7^^8 4X,, 8 5 X, (if 

8 4X,, 8 5X> tmtttLXVXmV-TiMY 
(Offiax >v h) 8 3 X. ££<fcot, 

*y hs»©x«iyx7*-*tf*ft^niiWcSftT^ 

[006 3] S0©2O<DX7^^8 4X !l 85X 
1 te, XflU X773V F 8 3 Xz *±£Rtf fflltffr 6H«J 

*^»Bfiiffl»u*ttojBtt*WU ^0^©Mftf£I±$i& 
^tttc «fc 9 F 8 3 Xifci#LTlH»Bte 

T£#£ttTV»3. Ln5©X7^^*8 4X^ 8 5X 2 

h) 8 4X 2 , 8 5 X 2 £:@5£?i: LT©Xffly x7*V 
F OKSa-yb) 8 3Xifcte«fcoTx A-ey^n 

f;Hu<DXf*ux7 ; e-^^n€ti^$nTi/^ [) 

WTfcfc^Ttt, ±fB4 0©X$fiUx7 ; e-*© ; Wf 

^n^n©^sj?£«fig-f ^x^-r^s 4 x, , 

8 5 X., 8 4 X 2 , 8 5 X2 tm-<D$m*m^T, 51 
X«'JX7^8 4X,, X||fiUx7 ; e-^8 5 
X,, Xf4Ux7 ; 6-^8 4X 2> RO*XfftUx7 ; e-^ 
8 5 X 2 t^OitS. 

[0 0 6 4] MSBY$lfiUx7^VF7 2 Yti, Yff&T^ 
^fi^lRltU ^ ©*¥??[*]©-««, 7>^^8 
4 X> tflSSn, S¥S^lO«tttX7^^8 4 x 2 
tfB^SntVS. <10YftflUx7*VF7 2 Yti, M 

t^Sc tWBY(*U-7^F7 4Ytt, YffcS 

8 5X,A^@^$n> g##|fij©flfiiSfc:ttX7'f#'8 5 
X 2 «?nt^§. C©YWl'Jx7«r>r F7 4 Y 

a, 09* {f y tt^risi t » o tfjt ^p^T'Ea^nfc^a 

©*$?3^£rtM-r3*$?x- »y HcJ:oT«JS 
$nTV>5o ft-oX, Y $4 U x7AV F 7 2 Y , 74Y 
li> ^-^©X|fi'JX7 : &-^8 4 Xi. 84X 2 , 85 

x., 8 5x 2 (CcfcoT, xfit^oT^n^nisij^n 

[0 0 6 5] -77©Yf4Ux7AVF7 2 Y«, 03tC 
^^t^5c};3^^:^ -JOxaxt-^WS T l 
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f 5X-f-^#f* 1 7 2 YfcRtt&tlfc YWtfflqJfCfftf 

fc-^ Xf-^17 2Y{i, YttU-7«r-TF7 2 
YfcEDHty.fcSfctttl^&tt&tlTV'So C<DX-f- 
5>*ttl 7 2 Y©(Sffitctis ^H^OStfttlffittgW'tf 

^nf-^l 7 2 Y (^xaXt-^WST 

2 ®iRt;02#Bs > ) ±£»±xj$£ft 

TVSo 10 
[0 0 6 6] MIBXx-^*^ 1 7 2 Y©jejgffiPOrt 

m'j^ti, 09AtfYtt^iqjfc®tfs»fBS3e®fttto3— ^ 

^6«*«Sa.-v FaWSftTl^o 56 
«IBPOrta®Hfc:YiiSlfil02fiE»«ISi3WlgJ«*tiTV'« 

^7AV K b) 7 2 Y hXf-^ft 1 

7 2 YKtatt&ftfcflSffiax'y ht£<fcoT, #x/>* 

r-^wsT i j&YW^iRifceii-rsA-e 20 

[0 0 6 7] ±jSfc^«t, ffi^OYMU-7'^-<F7 
4Ytt % fft^rO«j7XMX-r-^WST 2**^*^0 

x-^WST2^fig-r57>x-^*«is HtMLfcT. 
■f- : 1 7 2 Y £IWc LTli^^n, LT 
-)xaXt-^-X 1 2 (H 1 Rtf H 2 ±}C# 
±£Jt£ftTV^o Ltf}|^t, B^ffcLTOYi'J 

F (ti?i- «y h) 7 4 Y t7f-^t 30 

S T 2^Yfft73[RlfC|gi!)-r§A-ey^vy^>y h§y<D 

YiftyxTt-^jW&iSSftTi^. 

[0 0 6 8] WTfcfcl/^Ttt, at, ±8B2 00Y«lU 

F7 2Y, 7 4 Ytl^-OW^ffl^T, YttlUxrt 
-*7 2Y, YHU-7*-*7 4 Y i: f 

[0069] *nMBm-en, ±a?urcxf[fiux7 ; &- 

£8 4X,, 8 4 XtRUYmy-Tt-Z 7 2 YfcJ;-3 40 
T, ^x/nXt->*WS T 1 *XY2*7cl|it5^f 
-5?B»3RjWPlJ««tU Xf4Ux7^-^8 5X,. 8 
5 XtRUrYmV-T*-* 7 4 Yfc«fcoT, «>x/nX 
f-^WSTZ^^XAXf-^WSTl fcHfiALTX 
Y 2^|gii1-i,7>r-> ? ig»]m^fiK^nTV^o 
[0 0 7 0] MIBXffiUx7^-^8 4X,, 8 4X*. 

8 5Xi, 8 5X2RtfY«iyx7*-*7 2 Y, 74Y 
©^ft^ftli, 0 4ti^WXf->'Ba8tl 9fC 

[0 0 7 1] fcfe, -1ti<DXmV -7^-2 8 4Xi, 50 
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8 4 Xztfzn : eft%£?z>miizmMcm&c>*tz>z 

tT\ ^XaXt->*WST103 — fy^oiwwOTr 
tlT&So W«lfc, -M<DXtt'Jx7^8 5X,, 
8 5 X I WZft?tlf£&?ZMtl*mfrK.m%tt&£ 
tT\ •Jzx^Xt-^WS T 2©3— {yWUmtfinl 

[0 0 7 2] IuIB-^<0'>xm7.7-v ! WS T 1 fi> 0 

3 Kjj^ft-S HUlBXx-v^ftl 7 2 Y£, & 
Xf->"*ft 1 7 2 Y±£*|3^<DZ^;l/h®Sj$Mf§£ 

^LTJswsnfcSttOx/NT-^HB i tzmz. 

XA$;^Allt e>ft> K«3rx/\*;l/$ffc <fc o Tfttt® 
©X«X»»fc:<fcoT'>x/\W 1 jVfiWStlTVS. 
[0 0 7 3] "7lAf-^/VTB lOiliCtt 

l$?-^iFMl A^x^W 1 fcBJSRlUiSSk:** 

OTTO) KW*Sf *ffiHM«^H^O-W©*lS 

M©u>^77-r^yh^^<fco, wts-rsuf- 

A L G 1 fCfcoTfttiiSftSV—Jr-CfeSo 
[0 0 7 4] gS/c, >)X/\t- ^;I/TB lOliSfctt, 

&?5x®mm9 6xt^Ymis^mwL^n, Ym-fifa 
<o-m (+Yij4S) KYWi»«:B5!-r*swffi*W"rsY 
&ttas9 6YtfxM2riRite@i8SftTi/'>5o £ft5®$ 

SM89 6X. 9 6YO^SWjSfCti, 09*ti\ 02K^ 

4 0X,. 4 0 Y.&iffrST^ftH'-A (iJSlf-A) 

LdJffi^ 77^>h^ALG l©{Dffifc:H£57- 

ft, CWcJ:!), >>iAXf-^WST102*7cffiI 
tfltifl'J£ft5=fc?^'S:-oT^5o 
[0 0 7 5] 03£MD, fuI2XT-^#ftl 7 2 Y© 
-XflIOfflS80+ Yffl04gaKfi«fc:M\ % 2 ©{fiK!t?fJS 
tiLtO'J-7xV3-^ENC 1 <n-WZ^WLS% 
(U*«) <DK^g§ U^r- ;l/U-^) 3 3A^ 
HSShT^i. iKDKgxgg (7.y-;l/U-^) 33A 
©(pfcOSIfflfcttx K^ts3 3 AttttVxjxyn 
-^E N C 1 <D-aJ*«fi8-rs YffcfrlRlfcftitf 3*'J >y 
MR 3 1 A^ffA^ftT^So 

>7>^-;U3 1 Afctt, YWSlRlKj&oT^U -V h^Rff 
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-;l/3 1 AS, 4 X, £D— YWStC. -SStf 

a^n, YISU-7*VF7 2 YtcTOcKBSftT 
l^S 0 

[0 0 7 6] MIEMM§3 3 Ati, HSSxi^tt (U? 

$) <og#\ su^cora mz.if±m) izmiztirc 
tm&^t-v (led) #co^^ RTSwmm, 
Ttttmz&w. wmm^Tffi) izmfznrc^y 

(±ie^^yx^-;l/i:|W|-tf>yf-© 
'M<DX'J -y h^^^n/cmv^'J -y bU) RXf7* 10 

h*v*- f (pd) m(D%Km : ?%E*mz.T^z> 0 

ZLT, 03tc^n5<fc9{C, 7,'J-y hK3 1 A^m 

tm-£t>ftz>t, ^ofttfxy -y h«3 i Ats^^n 
09*tfxy >y ho i £>y^»r srcmc, gytm? 

^ffJ/iiTS 1 JjL/\X7~—i/'\N S T l<D®mm 20 

(fcSiWiiifiH) ^ItiJf 5cWTt5c 
[0 0 7 7] L©^7iy3-^ENC 1 cDtf-iJfil 

it, m 4 ^^^n^xx-^jffligg i 9Rrjcft*fr 

LT±»SB2 OfcgiSftS^tc&oT^So Xf 

—>*«g§i 9Tti, ±»gg2 o^eo^fcjs 

N C 1 ©tB£rtIfc8-3^T ^XAXf- v*W S T 1 £7. 

r- vmm&zmmt s& u -rt- * lxmw* 

S i^^oTV^c 

[0 0 7 8] (ttiD^iAXf-'>'WS T 2*4. ±IB'> 30 
xaXt->*W S T 1 4:|qI«fc«j5!t«nTV»«o T&fr 
lOi/nXt-^WS T 2«, -)XA7f-^W 
S T 1 fclRlttfc, Xf-^ftt, K^-S^fcflLhfc: 

xat- 7;l/i:£ffi*T^So c<D«>x/Nf— 7;l/±ffl 
&c{i^0^©?XM#/l/#&TO-5n, x;\*/l/*f 
fc J; o T»«R»XttJlS«aifc: i -pT^x/nW 2 jb^g 
&£ftT<^S 0 ^iAXf-^'WS T 2 (^XAf-7 

FM2*^x/nW2 fc*n j ftlBt^i:Sf?K:4S«k3 40 
fcSBSftTV>5„ Cl(0S*V-^SFM2©±®{Cfe 
S¥V-^«FM 2 i:P«0S¥v-*#jfr$snTv> 
So "frfcfc-S, CCDS^-7-^^FM2<7)g®tC(i, b 

mmiat, mm-ttcom 1 sw-^ ^m^^&sia 

[0 0 7 9] MUU ^XAXf-^WS T 2£D±ffi{C 50 
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it, xw^isjo-s (-xopsd tcxwucass-rssi* 
iB*#i-*xgnw9 7X3ii<Y«i^riRiicg«stu yw 
(+Yiias) tYifi^B^-rsswffi^w-r 

5Y»9 7 Y^Xtt^TlqlfcgiasnT^So Ctl6> 

<D&mm 7 x, 97 YosESfsicfi, s=f* 

3t£*U ^XMXf-'>*W ST2<D2 &7GffiHtf±IB* 
iAXf-y'WST 1 tmMfcLTstffl-gftZ&Slcrj; 
9T^5, fui^Uli^ ^XAXf->"WST2Al 

*tfH2K^?nsffiiioia«Ksafc#, ?xmxt 

- v?W S T 2 © Y I4^(p]0&gtt, M$ LfcWmik 3 3 
AtWttOKWS3 3 BRlf y- 4 3 1 A£|Sj 
^(D^-ryx^-;l/3 l BfrP.$ffiSc£nsyx7xyx7 
-^ENC 2E<fcoTftiilT?£S<fc5fc:fcoTV3o * 
LT, Ux7xyn-^ENC 2 fc^SftMHilHu 04 

»««2 0K3S6tl*o Xf-^Wll 9T*«, ± 
W»«B2 0^6OJB^fc*Si;, &Tj£ff&tf';x7x 
yxJ-^E N C 2 OtH^Mgfcg^T^XMXr-^W 
S T 2^Xr-«Mi6lct5S l Jx7t-^^ 
LTWt§„ 

[0 0 8 0] HitcRO. «WE9ft»«¥*PLOXHto!F 
*77^->7, (off-axis) tttoTJJ* > b£ A L G 

tlTl^So 

[0 0 8 1] 1512771'^ >h^A L G 1, A L G 2 t 

Lxit, ^mmmmx^t, m^mmu^mm^T^^ 

^yh-b>1f©-lT'fe5F I A (Filed Image Alignm 
ent) %<DT?'(*yh-K>yWm^c>tlZ^&o cn 
5W7^^yhiALGl, ALG2M:, 

tfSMUs? (ccd) mttkvmj&ztix^Zo en 

6©77'f^Vb3SALGl, ALG27tt, JlflKPS 

^&tf*S«*^LTCCDTS)te-r*o cofct, v- 
So coccD*>5oii«^ tm^ofi 

So ilifl5(077^)<ybiALGl, ALG2<D^-5 

^f i h%<D7U tyv-byy-te, r^m*?^ 
[0082] *mm&mxtt, --Bv>r=>4*yY%k 

L G lit, >)XA7f-^WS T i ±ov-^> 
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[00 8 3] :tX?)077^^>HALGl, ALG 
2i»60l«i^li, 04©75l^y r-ftJIDgBl 3 

6icj;otA/D^n, y^j^Mt^nrd&mm 

tf, 77^^>F »SB 1 3 6 £>±$!|®§B 2 0 (C 10 

[0 0 8 4] s^, Cft5>©7v-l'^y h^ALG 1, 
ALG2li, ±aLfc<fe5ftii«j!ia^©7v'<P<y 

h -b > +r t pi & t ©? a a < , * 6 oEfflf ft 

filS^i&Si^POL I A (Laser Interferometric Al 
ignment) ^SO-fe^lfTfe, $>S VfiV— ^*>5>©[a| 
ffitt©ft»fcg-3^T<ft|Bi&#i&3&fc]©L S A (Lase 
r Step Alignment) j&SWHzVtfTffc&Vo fcSWi, 
BIS^IJS^fBWO 9 8/3 9 6 8 9*f fcBflg^nTVS 20 
«fc 5 ft V ^ tf> S - a@Sf^^S© 7 7 -Y ^ y h -fe y -9- 

[0 0 8 5] &43, 02fc^tl««fe3fC, S»7fc¥^ 
P L©T77tc{iifiT£^XMX7— v^-X 1 2©tp-* 

fWSTl, WS T2±©^x/N{cftLTM7fr£fT?f! 
l #£fUii: LTOmftmZS A l i:$n> S®7tnR^ 
S A 1 ©feI©W')iAXf-'>*WS T 1 ±©<^x 

y h mm s a 2 a , mytmm s a i ©^im©^*^x 30 

2W7j[W$.£ LTOT^-J y^ybW^S A 2 b££ftT 

[0 0 8 6] #tc, &^XMXx-^©2#7€{uB£!t 
Wf*«»© ; Fi*tl*6ia*a 1 ©fiSlf^Bi: LT 
OTitf^XfiCO^t, @2^S^5VT^1"§ 0 

[0 0 8 7] 02fc^£ftS«i:5fc, ^iaxt-^W 
S T 1 ±©X^»gt9 6 XOEfttffifctt* Jft»3tt¥3RP 
L ©TtffflA X^77^^> h^A LG 1 ©ftWlfcfciiS 
XttfCj&oT, X«|=FMM 0Xifr5©=F#fHf— A 40 
«?tm^„ IWHffC, 7 x;^f-^WST2i 
©X^ij^9 7 X©SW®fc», P LOtttt 

AXfc77>f*:/h*A L G 2 ©ftlttfcil&XWlfcB 

or, xffiTMf 4 o x 2 *^©T#H-e-A*w^ 

tlTV^c -?"LTs XttfflSfrtM OX,, 4 0X."C«X 

»n« 96x, 97x^6) ©sisfet** ns^f s 

CtfcjcD, §S Wffi©S*fuB^ 5 ©ffljttgttfcfHH 
L, ^x/NXx-i^W STl, W S T 2 ©Xf4^(p]{ifi 
fcff-WTS.fcStefcoTVSo <ICT\ XflfhrlMMO 
X,, 4 0 X 2 M\ «»©ttBi£*trS£BiT8HH-T?& 50 
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>7XAXf-^WSTl, WS T 2©Xffi^[p]©It 

[0 0 8 8] TMM OX., 4 0X 2 ©^ft€n 

OTmW-MZ, ^XAXf-^WST 1 , WS T 2 
©$SllBH©:£i§)cT^cX&itlSi9 6 X, 9 7 XK^fc 

^PL$«^fcSM 77^^y h^ALG 
1 , A L G 2 ©ffiffl^© V>-f n© Sfc t> 7XAXf 
-i^W STl, W S T 2 ©ffiWi, Xfi^ft 4 0 

x, , 4ox 2 ©tfauffits^^Teasnso 
[0089] $fc, S2(c^?n§j:9tc, 

PL©ft«lAXT?=F#tf-4 OXi. 4 0 X2^5.©^!+ 
pft40Y 2 i: > 77^>tyHALGl, ALG2f 

n^n©7tfi&r=F^it 4 o x, , 4 o x 2 1 ^n^nsa 

40Y,, 4 0Y3fctfiBtt5nTV* o cn5<DTM 

4 0 Y, t=F^H-4 0 Y 2> T^ff 4 0 Y 2 4 0 Y 3 {2u 
^XAXf-yWSTl, WST2±fcKtt&ft;fcY 

^Sjgt9 6Y, 9 7 Y©xifc£fcfi£«fcO ! &>*#wign 

[0 0 9 0] lot, ^XAXf-v'WST KWST 
2©{fcHfc,fcoT«\ YfrF$*fffr&©TMrt:-Atf 
i)iaXt-^WS T 1 , WS T 2©£W®fr£ftft£ 

[00 9 1] *&6ti£ffi?& Jft»3t¥3RP L« 

ffl^fcBftBf© (RJtfiliSS A 1 rtKffiBf S«^©) 
^XAXf-^'WS T 1 , WS T 2©Y^[S]fiiBff-S l It 

s^^PL©^fftAx^a®-r§ r F^tf-tr-A 

*«Wr* YflH^fM 0 Y 2 Ott»ffltffflV"»6tU 7 
7^^>h^ALGl(DWf<D (75-T^y bnS$ 

5 A 2 arttCfiB-T^tlo©) yXAXf-^WST 1 
©Y^lRlftfifHIJkiyu 75^>h£ALG l©3tW 

saBB-rsT^fUf-AftBiwf s Yfi^tt4 o y, 
vmmtfm^zr^ 77^^yb^ALG2©w 
m<D (r^j *y -hw&s a 2 brtfcfitB-rs^©) 

vXA^f-^WS T 2©Y^f[p]ffiBH-»C«, 7^-T 

^ y a l g 2 ©^tt^jKar s^tnf-A*8asf 

f S YttTSW 4 0 Y, ©ffMffl^fflV^nSo 
[0 0 9 2] Sfe, ±!2Yfft r F^lt4 0 Y,, 4 0Y 2 , 

TWH-P*0, "JxaXt-^WS T 1 , WST2©Y 

[0 0 9 3] sf^lflB^ff Ttt. 2 O© XmTMf 4 0 X 
,, 4 0X 2 , 30©Y$4 z F^St4 0 Y., 40Y 2 , 40 
Y3{C c fctl z F^^Xr^«l^nTV>So *LT, 
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c n^m^y^y- *&=F»tf omiMtt, 0 
tPSm ±ffltP8B2Ofr&0i&3*fc)6i;, «• 

T$tf©ft^fi^S^VT^x/NXx— >*WS T 1 , W 
S T 2*WaUfc*XT— ^BiHR^LTftlWrSJ: 
SfCftoTV^o 

[0 0 9 4] ft*, Xffl'J-7#-fK8 3X 2 CD-Yfla 
(02K*5tf3iK®T$J) fctt, 7]< 5 F^igirin^-y h 

OA, 8 0B*V j^lSHBfcliTTiSilSftT^S. - 
7J©?x/MSiM$Mi8 0AI1 "JjiaXt-J'WST 1 
Wi^OfXA+t'JT (*t7h) i:©fffl"P, *x 

MSUBM-ra. ffl^c^xMjRgfttMssoBa, 

Ar-J^WST2i:(»iAttiJ7 OtHrvlO ©Ifflf 

[0 0 9 5] M(c, *£tttgtt'?& 0 1 WT'immtf 

L£:frLTlx^;l/R±©L'?-£;l/V-?i:g?pv-* 
1SFM1, FM2±©v-^fc%^fC^Sl"rSfc«6© 20 
Rftifigfcflil/rfcTTR (Through The Reticle) TjiS 
©Uf-^l/r^^^hSWtSRA 1. R A 2 (04# 
80 tfitt^ntv^. Cfte,©U^/!/7^^h 
WRA1, RA2©fctfHt*fH\ 77^^yMJSP 
Sell 3 6£ftLT±fMgj®2 0M&i&Sft5<fc?£ 

1, RA2fcLTtt, ffij*fcf»H¥7-l 7 6 4 68^ 

as^tc mm* tix & © t mm<om^<o t> <otm^ 
[0096] sfc, h i §-e«:ig^«is*nT^s 30 

^ tSf&ft^&PL, /^^Vh^ALG 1, ALG 

-ft?,/*- h u^u y^M««tf*tt^nstt5n 

*- h U'S'J y^*ftSW^IiJ6T A F/AL^150 
ilLT^LTfe^c £©£?£> 8Kft¥SPLRtf- 
M©77-T^yh^ALG 1, A L G 2 fc, AF/AL 
SI 5 0%Bt*feSftS«©*lj£& W*fcWW¥l 0 
-2 1 4 7 8 3#4^BfcSMfflfcB8^nT*0, 4^nf 

[0 0 9 7] i4C(i, 0 

©»jfflis©±gfcisjs#jj*snTvso £©fijp&«\ 

±W»«ll2 0©ETte**X^-S^ttlPSBl 9, 7 

[0 0 9 8] ^K, 2 0©'j7X;\7 > x-v ? WS T 1 , W 
ST2fC«fe5MtT^ai6mC0V^T, 0 5 (A) -06 

(b) ^tiioo, ffl'#^©±iaiifiEfta3©Ki{t^* 

^fcLTSi^So 50 
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[0 0 9 9] 0 5 (A) Ktt, ^I/nXt — v'WS T 1 
±©>7X/\W 1 t»LTSB£f««fc^t«:LTR3t^fTt) 
tl^ Ctli:MffLT^XMXr-^WST2±-et±> 
Mp-tV > *<MT?*x/>»aH§« SOB (0 2 # 
88) © PT^ x/ N^jJWff ft fetiT i/ ^ 5 tfHtfiS « ti 

tix 77^^yh^ALG2(DlTK^x;\Xf-^W 
S T 2©^P^-^fiFM2±©S2**V-^*S 

[0 10 0] Sf, ^lAXf-v?WST HUT'fffeft 
*«*»fW©«B©W«WlfffcOV^TttWr*. 

[0 10 1] c©a^>-yyxtclSU Xt-S>{M» 
Still 9T*f±, ±W112 0A^, ^ffifcfrfeftfc* 

xa77^ ©laanffics^T-s*. 6n«»^fc 

fSi;, T^fM 0X,, AOYtVmm**:-*^ 
O, X«yx7 ; E-*8 4X., 8 4XiRtfYttiyx7 

7 2 Y^JSPIT^XAW 1 ©JB 1 S/a y 
©«)IC©fcft©3i*nttffiB 0in3M&ftfiHI) i^ia 
^f->*WST i £^i&T3o coajfeiz-y^T 
T^lt 4 o x. , 4 o y 2 ©jaswejassftsissi 

xnXf-^WS T 1 ©ffiHttgSSftSo 
[0 10 2] XT-^ftlWSfi 1 9T*t±, ±» 

SS2 0©f§^£JSi;TW^;bR££x^WU fft 
fe^Uf^;Wf-y'R STtvXAXf-^WS T 1 

i:©y*^isi©*BJ#3taE*ii»-r*. c©ffi*h£Sfcig 

U Xx-^MHl 9Hu MifiLfcTiMM 0 
X,, 4 0 Y 2 Stf^^;l/^ff->XrA3 6©friJfil 
5^^Loo, l^*;MES&a52 6RtfYttUx7 ; e 
-*7 2Y (S.t>'XlSUx7 ; e-^8 4Xi, 84X0 

[0 10 3] ^LT, BXf-^RST, WST 1 ff* 

n€n©B«^fijaasT?injfisnsfc, ±mpsh2 

O^fi* U— tfSWWSEll 1 8{C^LT^;I/7.fg)t*gg 
F*3©^0^©RTKlU'^^;l'77>r y F©Br£©7U- F 

^i/f^;i/Xf->*R s To^tttraai-rs^^tc^ia 

R ±©^ * - ^ttjl^NOf^P ^l/7ft©M£Wlft 
[0 10 4] fLT> P577—7R ST, WS T 1 

[0 10 5] ±ie©^fiS^B#t(i, Xr-^»gi 
1 9ti, l/f^;l/7f->*R S T©Y||fl73lRl©^®]iig 

V.t^XA^f-v'WST 1 ©Y|ft7j|p]©;i£MgV, 
«BK3tt*JRPL©iSa^»* (l/4mss^ttl 

/5te) fcl£Cfciaititfc:li«f«ti«J;5K, 

IK«ia52 6RtfY«lUx7 ; e-^7 2Y (Rt>*Xip4'Jx 
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7*-*8 4X., 8 4X0 ^LTUf^;Wf->" 
R S TRtf*x/N*T-S>WS T 1 £P^8»f 
[0 10 6] ^LT, Uf-^l/R©-**-:/®*©** 

ffiictttzmwtf&jtzz tic& -)xawi ±<o 

[0 1 0 7] C Ofp, ±»^B2 OA^OJt^tJS 
/7'T>F0Bt£07U- K^Uf^^Xf->*R S T 
© l/f-*;m ±©/ y M$yV\©^yV ^;1/X^©ra 

Co l 0 8] ±j$©<fc3fcLT\ Sr>a >y hfi^©^ 

Xf->"MI811 9tcj;0, Xl4';x7^-^8 
4Xi, 8 4 XiRtfYWUxT"*-*? 2 Yfcfl-LT* 
XAXf-i^WST 1 #X, YfS^lfijfCXX'y^Sl? 

ft, f2->3 7 h®8©Bft©fctt©Snaiffl*&ffiB G£ 20 

^©IBfc, Xx-vWSBl 9-ett, 7$ff4 0 
X,, 4 0 Y z ©ffWitCg^T^XMXx-^WS T 

1©X, Y, 0 z^[S]©fitH^{ii^ , J7^^7A{tIfSiJ 
•T^c ^LT, ^©ItSiJ^ca^t, Xf-^M 
§ 1 ^IA7f-^WST 1 ©X YtiLWMtiLff 

mfe<DttmiZ%%&ofcy^'^-T-i?WS T 1 ©{SB 
%S&J®f So X7-v^JSPgBl 9T*{i^X7\7. 

f- >"WST 1 ©0 z #lRj©^ti©1i fgtcS^T, ^ 
©^x/MHl©|5HESffi©|Rg*Mfll'r* <fc 5 30 
Xf-i^R S T (Uf-^l/ttft^-r-S?) M^xaX 
f->*WST 1 ©'>&< fcfe-^Hlfg^Jffll-rSo 

CO 1 0 9] ^LT, i/3'yHaXfy^yW»7t 
±fT$SB2 0©^{C)SCT, Xt— 5>M»» 
Bl 9fttfU-1flH»SsBl 8tc<fc0, ±i$£IrI1«{-& 
S5©ilff^WW?tU ^xaW l ±©i!2 ->a >y h®« 
fc*fUT±IBi:lRl«©*SEB)tWfft»nSo 

CO 1 1 0] Cl©<fc9fcLT> ^iaW 1 ±©5/ g <y h 
fB*©ji**3ti:*S/g «y hBttCfcfc©*^? fcT>^ 
i)^fc^ii0jILfft>n, Sx/nW 1 ±©S&te*tft©S' 40 
a -y hffl«^TfcU^^;I/R©^^-y^ie^3f ?n 

CO l l l] ±izE©d:dtcLT. ^XMWlfrMLTX 

tC, 7i/^Xf-yWST2±T1t ?XM£g|fc:§|fr 
«v»Taar* J: 5 (c LT^x/n7^7^ y MSflW 
KbftZo ft 43, 0 5 (A) ©i$j£T'«\ ^lAAf- 
S^WST2©ttHti, ^f— SflWfPSB 1 9*\ ±16119 
&.W.2 0frt><DmijHCJ&U. =F&^4 OXz. 40Y 3 © 
W-WfffcS-SfVT, XWl'Jx7t-^8 5X If 8 5 50 
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X,, Yf4Ux7 ; e-^7 4 YSWIPfSCfcKJ:')* 
IJtiT^i. c©«£\ 7^lt4 0Y3{i, 6{|Jn- 
7V >?W^3 yfc*V»T, 7^7><>h^ALG2 
K «k »3 S*Pv- ^fFM 2 ±©3! 2 S*pV- * jfcfcHJ-f 
■SWflJfc, »Mf2 OKiDXf- ^ffltt&Bl 9 

CO 1 1 2] ±ia©m2S-¥v-^©^tbtC|^LTtt, 
777*yh&A L G 2£<fc92?2gpV-*©B&tf 

Kt»jA$n, *©iB(Wi^79-f^ynw»«iii 3 
6fc2f^ns. 77^^yhM»iii 3 c© 
H«^*fcBra©*aa**u ^©®atf©{f^^fp«T 
•r§ci:-e7v7^yh^ALG2 ©jgfli^j&^SP t 
fsS2S*v-^©ffiii*«wrSo ±Musi2o 

T»H\ *©m2S*v-^©{ftB©tftliJ*eSfc = F*tt4 
0 Xi, 4 0 Y 3 ©|+iiJ^i:^Sci^T, 7$It4 0 X 

z, 4 0Y3©»girejsj&£ns*BS£ (wt, mm± 

CO 1 13] &^T% ±»Sfi2 OT'Wu W*tf»M 

BS6 1 - 2 2 2 4 9^fstcr^$nrv^j:^ftxy 

A^h • -yn-^;l/- 79-r^^h (EGA) ^(c 
J:5H7XM7^7^>h^fTV\ ^XAW2lO§->3 

ffi-r§o ^lt, ±ii®Sfi2 0T*tt, *ne©js«ffi 
b*> e. bfcfg 2 * (DmrnGLmzmm? % e 

JB2»pv-^fcJ«-«*5/3yMB«©«5*ffl 

CO 1 14] ±2l/c2 0(D^XAXf->"WST 1, 
WS T 2±-eMfTLTff&fenS»ttS'-$-yXfc£x 

»• 7v7^>h>'-^>'7.©** , s$ l c{c|l7-r2>o u© 
fc*, 7^7yOh^7Lfc'j7XMXx-v ? WS T 2 

CO 1 1 5] Xf-^MIl 9T?tt, ±$iJPSH2 

0^?>©}^^jSC, ^5 (b) tc^$n^RiT^©f#^ 

figfClRli^t^XAXf-yWS T 2^r+Y?3|p]{CF)f 
f->'WS T 2^M3iL/iUx7xya-^ENC 2T* 

YW^fpj©fiB^H-iiJT't5fiB, f ft^^ 'J-7iy 
S3 3Brti5jc:jfA«nrcttistasfi[ifiT, ^ouz 

7 7>T * y h m&W&K «fc !> ^XAXf- S T 2 © 

ffiBses-p # sfitBT^ntf e c t? t Mtv\ *©», 

CO 1 1 6] *LT. ^xaXt->*WS T 1<IIJ(C43V> 
T, -JxaWI {cM-rSSJtA^7L/-cB$^T% Xf- 
S^HflPttBl 9T*(i, ±»^B2 03&»6©ittS»C(S 
<i/x/NXf— ->*WS T 2*-XJi\Pllcfafr?TmW} 

tzmttzm&i-rztmmfc. 7xaxt->*wst i 
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£+Y£fnncigE!rf So 06 (A) ttt, CO&olcL 
X, ^lAXf-^WST l^'J-7x>3-^ENC 

-7xyn-^ENC 1 ^«fiSc-r^p<-r^xy-;l/3 1 

[0 117] 06 (A) K^SftSffi**?, ?XMX 
t-^W S T l AWT* fc, Xx-^JSUSH 1 9 T* 

WS T Z%-Xlifa{CfafriTmfcmW)?2>t£t>fc, 10 
^XAXf-^WST 1 £-X£|Sjfc:iRlfroTlM!rtS 

»ff*Bi»r*. *o»> -)i^f->*wsTi, w 

S T 2 ©^ti^nfi, X-r-^SIWSfl 1 9fc«fc9* * 

n j Fnxtt , ;x7 ; e-^8 4Xi, 8 4x 2 , yw;x7 

t-^7 2Y, atfX(*y-7t-*8 5Xi, 85 
X 2 , Ytt'Jx7 ; e-*7 4 Y£fl"l/tB6 (B) ICt* 

[0 118] C©gfc&©3£tp-?. 0 6 (A) (Dtmfr 
5>> Mtl^x;ar->*WS T2tf-X£[pJfc&K)L 20 
fc^T?, YHffi$tM 0 Y3^5>cDTMt^-AA\ 
^XAXf-^*WST2<DYM9 7 Yt^fc5.^< 
CO^-ett, YttTiWf 4 OYzfrS ©TMf 

e-AtY^i)^9 7 YJc{±Sfe5ftv>o ^n«> huj£ 

PI L 1 (0 2 #B£> m®®®. 9 7 Y <k 0 tS^fctt-e 
[0 119] Kf, ifiJP^g 2 o e. 

Xf->*a»Sll 9Ttt, ±12©^®)©^^!?, 
Y|ftT?$st4 0 Y 3 ^P.© z F?$ttH , -A^Y^®J^9 7 30 
YteS;fc54<JB:3 (tttl&) £T*©V^fftfr©B#j5 
T*> ^XMXr-^WST2©Yift73fa©ftfi (Yffl 

s) ©w*fcffl^*ffiiitfii(aa%YW ; F»w-4 oy» 
^©$j Djft*B*jS"e© Yifi^n- 4 o y 3 (om*u&-t 
^ENC2t«oiftirc^*^tt, «;x7xyn-^ 

ENC2©tftttfiIfcg-3^T, Y|ftUx7 ; e-^7 4Y 
fctf-tfffltPU -)XAXf->'WS T 2©Y{fi@£- 
^tgocatLT^S. fit, Xf-^Jiill 40 
9T'li, Y&Kj§i9 7 Y£Y«ffi$fM 0 Yi©=F»tt 

e-AtfMjfc sterns i\ *xr»xf— sws t 2£M 

fc-X3EriRifc»«U Ytt=F#fM 0 Yi©=RMH£- 
Lm®mM9 7 YfcSfc5<fc3tefco;feE&fc^ ±*J 
0fr5©J8*fcjSCTYf|!fF8ftM 0 Y.©ffi 
£s ffifcft^LTfc^fcYttffiaifcM 0 Y3©fitft^y 
-fe>yhf£o CtUcfcD, ^XAXf->*WST2i7)Y 
fefi© SPaJfc ffl v ^ tiLWmmWtf yx7xv=i-$rE 

n c 2 a* p. y *&=f8mh- 4 o Y 2 jcgj o »*. e.ns C t 

ft&o ^LT, ^©Bt^J-m Xr-^WflW«l 9T* 50 
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tt, T^tf-4 OX:, 4 0 Y 2 ©7»Jg$fiT«?n£ffiI 

XAXf->*WS T 2©fuB^rWatOO N 06 (B) 
fc^£ft38#3fc¥?&PL©3te*tflAX (Sf^CO ©S 
TteSlpv-^ffi F M 2 ±©-#©31 1 WW—ttftiL 
H^SaSffififcfafroT^XMZr-S'WS T 2£IB 
ift-TSo tKtts Ux7xyxi-^ENC 2(i, ^x 
M^r-^WST2±©Ygfa6»9 7 YK, YiiFFfMt 
4 0Y3frP>©T$fte-AtfSfc6&V>lfti, M>*Y 
&K]gi9 7 YKY«FF#tM 0 Y 2 *^©T^ttlf-A 
tfSfc&fclrVKIi©^!*:^"^ -)i/^f->*WST 

[0 12 0] ttiajLfc>>x^Xx-v > WST2©-X^ 

fa<D®mtmiLT, zrr-vmmwi 9T-&, *x 

/^f-v'W S T 1 ^0 6 (A) K^StlSfflHfr&fllf 

safety- xtfiRi'vEirr s 0 cox/^r— ^ws 

T 1 ©-X/j|6K\©&SjM:, "7XA7f-^WST 1 

a»3tt*IRPL©T»©ffi«3{p6fcfl|D— 
fig (^XM5«^fTt»n«(ftlH) fciRDb^-SS^ttT 
feSo tC6X\ ^XA^f — i^WS T 1 {£% 
jiaa-r^t^XMjb^s^tcli, £©£{IJn-x>r > 

mwie®® LT^x/Njjjwftff *ffo fcaic, *©£ 

Mtife'J'XAlov-^^itHt^fcs&oz^^^y 
htftttiffiH (SSi^Ox/N^^^Vh^ALG l 
T*fiilJ^37cJ6©{>ifi) lc®W}-?Zo ?i*.t>*>, c<D? 
XAXr->*WS T 1 ©-X^riRl^NCgHfttt, >>x/n£ 
&»fc3l*8cV v t75>l'*>h3&ALG l{CTfft>tl§ 

tmz.Z>*><DX*h% a mmttili, >)XA^f-^WS 
T2 0-X^<D^1 (77^^>^ALG20T 
^6J8»3te¥3RPL©T^KlRl^T©»ft) fcMffL 
T\ ^x/\7f->*WST 1 liSK^¥^P L©T^ 

©^K^ff*9t©TSSo 

[0 12 1] lOxmXt- v^WS T 1 ©-X7alPK\ 
©^©jif^fct/^Tt^ SuMLfc^x/^x— v'WS 

■f EKi'Bit.tfx -)xnxf-^WST 1 i:«7x/NX 
x-v-'WS T 2 fcliMfr LT-X^lRlfcgPttLTV»Sfc 
it), i-JXA^f-^WSTK WST2tf£-5 6t>Y 

ttTWH-cw-ffl-esftv^tta own, ^#a-r« 

c i: -So £©£5 tc«Xf-^^f n t Y WfW 
W-PtKH-Ciftv^&fctt, ■JxAXf-yw S T 2 © 
Y{4gttmij$©&n< iJ-7x>a-^ENC2Tfi 
U !>XA7f-i^WS T 1 OYffiItSat5J:5lc 
ijxTxya-^ENCl-eSItSCttftS. 
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ft?frJWfTft;i£>£9l;:fto-ti^ (SXf— 

u^7xyzi-^-e$ij'#-r?.ffJSi ; e-F^-r5) . 

[0 12 2] WT> ->XAXf->*WST 1 O-X^Ir] 
s\<D&W](Dmicft? ^xaxt-v'WST l ©teBWS 

co^th^*. xf-^jagu c©^x 

AXf-yWST 1 <D®m(D)&t¥T\ YttfiFMM 0 Y 
. 5 ©=F»tt VJ Y &fijg| 9 6 Y fc i ft 5 ft < ft 

S T 1 ©YffiB©fHMfcffl^3fiMttB8B*Y#T# io 
tf-4 0 Yi^6'J-7x^3-^ENC 1 fcfllDifc*.* 
^<D«J0»*fe^OYW : Fi^W-4 0 YiOffi*«#r 
So Sfc, Xf->>*WS11 U-7X>3- 
^ENCK^OM/c^^ii, ijzzxya-^ 
E N C 1 ©fcmfifHCg^Tx YttU-7t-^7 2Y 
fctf-sFSflfflU ^xaXt-^WST 1 ©YfeBSr- 

9T'(±, Y&iJjft9 6 YfcYfBfF^fM 0 YifrSOT 
^H-e-A*^fc§{iifi$T\ -JiAXf-^WSTl 
J&S&fc-XtflqlfCgH&U Y$lffi$st4 0 Y,(D=F& 20 
ffl£-i»tf Y^Hltt 9 6 Y tSfcS J: 5 fcft o fc®& 
fc» i»SB2 Ofr£> ©H^tJStfTY HfFfcHH-4 0 
Y.©fiM\ BUt^LT*51/^cY||fiTMt4 0 Y 2 ©ffi 

l ©YffiB©fHMfcffl^*ttBtf-M«B#U -7xya 
-^ENC 1 frSYMTMH 0 Y.mgjD&*.6ftS 

1 9 T'fi, TMt 4 0 X, , 4 0 Y, <DMmiT*M%.-$ ft 

i:nf^) ±r^xAXf-^WST l ©{fcBfcgSLo 30 

06 (B) K^ftZTUtWlkk L G 1 ©S 
Tic, gipv-*ffiFMl±©ll2Sipv-*jWftH"r 

itt^xAXf-^wsT i %mW)-rz>o u 

-7xyn-^ENCl(i, ")xa^t->*WS T 1 © 
Y^ft«9 6Yfi:, Yttffi^fM 0YiRtf4 0 Yifrfc 
©Tlfste-A^a/c5ftV^©Btt*5V>T, ^X/n 
Xf— >*W S T 1 (Dfililtf^1"§ 0 
[0 12 3] 06 (B) {C^2ft3{4B£T\ -7X/\X 
x-i/*W S T 2 imW$% t, ±OTSB 2 0 T?tt, - 40 
ftOlyf-tfrTyJtyhmWMRAl, R A 2 (04 

#©!g l fcf-ftfcftJS-rs l^*;l/v-*© 

^x/A®±SKfi©fflM{ufi^ta ; &fTft7 0 ?LT, C 

&PL©jSK*£0 £:g*Pv-^}gFM2±©-*f©Jg 
l gipv— ^©fflHfc©ffl»te«B8«*^«)5ti«. 
[0 12 4] fit, £ftl$PgB2 0T«, ±tf*«)fc 
Hfttefi g*P V- ^IFM2 ±©-*f ©H 1 V- 
*©ffi«{ftBfc©ffl**{iBII8«i:* ft^&fcg^v- 50 
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*«FM2±©S2g$V-*fc:*f-f3'>XMW2±© 

WiAWZi^a? hM$©ffl#{ifi§5^£mtJ 
t5, LT> ^©JfttJSSH^goVT, ±M8PgB5 

oT-ii, watfe^xyNwiow^traauc, ig2Mft 

l$Ig^±T")XA^f-^WS T 2©{fcB*W3LO 
Os 77 - 7VH • ^t^ST")XAW2±<0 
&->a y h^tc^^;l/R©^^->^¥-T5o 
[0 12 5] ftfc, M^bfe9xMWl©B3t©IS©llt 

mmc LTMlfc^XAW 1 ±©#->a >y hfg«© 

£-?t>fti,\, 

[0 12 6] -15. 0 6 (B) fc^tiSfefflJa—r-r 
y^ffifiT'fi, MiJa-f-V y^{uBi:lRHSt7v^^ 
yUALG l©T£g*V-?1£FMl±©Sg2g*P 
IfflMttlt % ftSZofc ft oT^St), ^XMjRii 
®B§8 0A (02, 04#M) *ffl^ftfXAS«!lff 
tfgSffSftScfcfcftSo 4aHx 0Y,©U-t 
yUfftt, 77^^yHALGl(a§lfv-^ 
fiFMl _h©!g 2 S^-^©^ttJ^5feiEo xmnzft 
5o 

[0 12 7] Cft$T?©Sii5!fr5#fr3«J:3fc:, *^ss 
JB8Bt?H\ ±»gB2 0 fcXf— 3>iW»ttB 1 9 fcfc 
cfc t). ^XA^f-^WSTl, WST2 0»i*SiJ» 

[0 12 8] W±iJWiL;fcJ:5tc, *3? 1 ©*ifc»*fc 

0, MtffcXr-^©{ftfieg;£&fc<fcSi:, ^xm 
^r-ftf ")XAt»T5 BJteftfWff t>n«®« Oil 
"K r«l^B«J Stf^xA(:^t577 

-f>«^miffRtf!>x/>3i»ft^fft»n*«« ax 

->XxA^SfiJcf ^^T^Itft^O^ S^XAXf-^ 

©ttfijWBstu ^>7XAXf-^s i tf&m&t 

XxA^<fc5§'7X/NX7 L -^©{itBtf}S'Wtgi:ft5 

tcli, U^i7x>3-^cj;0, §>)iAXT->*iOfii 
fiAWiMSnSo fft^-5> U-+f z F)$tfi:Ux7xy 
3-^t«#fffl-rsct^ §^xmXt-^©^Si^ 
&«7XMXx-^©ffiB£MB#fWf fc^ 
Rlti^ftoTV^c 

[0 12 9] Sfc, *S l ©%M^Bk:ff«B3^eB l 
OfCcfc^t, £M9PSeB2 0«, tuiE©&K, 
Xr-s?©YffiB©««fcfflv>*ffiBfHB«fi (=F»tf 
•>XrAi:iJx7xy3-^) §')iAXf->'0 
fflfiteJSUT, Xf-^WSSi 9*/N/C£l»?lfc*. 
5©T% <fc OSf ISgftfitfitfiJA^^ftT^ff^XxA 
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cfctfRraBfcfco-CV*. Sfc* ifilfflgH 2 (Hi, «■ 

Co l 3 0] 43lfcM^tt©Bft£ll-F& ±12© 
Xx— >*©ft«{cfS DfdiBf1«B©9] Q&Mtmm 
LTcZtlc&K), 9lAXf-^±Ogii©l?*l 10 
/J^fcflJ^SCfcA^tSo c©IS$* ^x/nx-t-v 5 
®/J^!fkfcJ:SfiI[|BW«Pttoifii±t, ^©£tffi©fc: 

[0 13 1] lot Sa©«Bft3^h*HMc***c 
[0 13 2] ftfc, ±teHSfi^T'{i, ^XmXt 1 -^ 

wstk wsT2^-fnt>-x^riRifc9»-r*»& 

^ENCl, ENCZ-effiBtfa-r^lt&fco^TiS^ 

>>iA7f-ywsT i , wsT2^nfn+ 
x^iRi^ft-r*Ji^ic*i/>Tt.nafciw»*ti*. -r 30 

fcfc-^ ^XAXf->*WS T 1 !b'77Y^> h^A L 
G 1 ©T£#5JS»ft¥3&P LOT^^Ift-rsofcM 
ftLT, ^x/Ur-^WST 2tfJSKtt39fcPL©T 

Itnif, ^XAXf-^WSTZ^J^^^h^A 
L G 2 OT73^[^A' l '5 ^Sl^SSC) - 'SPTfe'S^'llJP— x 

ftv>tt» GEMKifflN. gfi&gH) fcfe^Ttt, Xf-^ 
fcjfflgfil 9^SXf-v f OY<iI^Ux7xya-^ 40 

[0 13 3] {%2<Dnm&W> *«W©ffi2<0 

!MJIi£H7~0i 0 (B) fcS-^TBWW*. c 
[0 13 4] c©£2©&UBHBfi:fta»te8iH«\ ff 

*>h&#io ©*^ite>n so 



SM2003-249443 
34 

tV3j£U RtfCftfc#l/>t&5$LfcXx-S>«ll3 Ofc 
ftx.T, 07t^n5Xr-^Bl 3 OAW^tl 

■tvstffcttft****. ^©ffi©gp^©«^{±, hu 

Tfcfcl^T, <in6©ffliijSi*tt>^4:UTSiW-r5. 

[0135] B7fca, *m2commftmfc{&z>XT- 

Xf->'il l 3 014, Sl^MJgUfclHia, >?x/nX 
r-v^-X l 2©±ffitcj9oT^2^T*S§Xlfi 

f§20(D^XMXT->*WSTU WST2. StfCl 

ne>©^x/NXf— ->*ws t k w s t 2 ^s-n^tiB 

[0 13 6] ^xn^f-^WST l*K»rrS£l * 

2©x$fc^]-<IJ (-x{|ij) fctefll 
(+xffl9) ic^n^nEHSft, Yffi^iPiicgtfs-^ 

©Y|4Ux7^VFl 02Y,, lOZYi, CWOY 
F 1 0 2 Y i , 10 2 Y.fc»oT»«|-rS 
— W©Y|ft^v-<^9 2 Y>, 9 2 Y 2 , iSYffiX^-T^ 
9 2Y,, 9 2 Yztf J £©M4i&{C^tte > tt5£t ! £>{C^X 
7^^92Y,, 9 2 Yit-fflMcYWjfatC&WltZ 
XI4UX7AV F9 3X,f«xtM. 

[0 13 7] C©«^fc*V»T, YffiT.^^9 2 Y> 
tYffiUx7*V Hi 0 2 Y i i:tc!:oTYfftyx7 ; E 
1 1 2Y,«?tlT^5o Sfc* YW^5-r^ 
9 2 Y 2 i:Y|fiU-77JV H 1 0 2 Yz tWoT Ytt'J 
x7t-^ 1 1 2 YztffllfKSftTVSo 

[0 13 8] XWJX7^VH9 3X,{i, M*fcf«$ 
fa;<y hfr5$t>, ^x;\7f-^WS T 1 *m&t 

§xr->"W6 ax.tetaw-enfcw?* 09*tf«B 
-r&fr-^ xmv-TJS-f H9 3x, tmm^tic 

iot^XAXf-^WST l*Xf|l|^|Rlt|gtt-rsX 
Wi'Jx7 ; e-* (WT, fsEHL H^TfeSXHS'Jx 
7#VH9 3X, tffl-©«F^*ffl^T rxttUxT* 
-*93X,J tf*figS*ltVSo 

[0139] mmic ^xa7t- $>ws t 2*mm? 

5l2Xf->Ilfl^ ^iaXt->"^-X1 2© 

xffc&iRi — on c-xflij) tft&di (+x«d tc^n^ns 

WZtl, YW^|RlK®tfS-W©Y«lUx7^Fl 0 
4Y.. 104Yi, cn5OY(HU=7^Fl04Y 
., 1 04Y 2 {C?&cT^®I-rS-^©Yfax^-r^9 4 
Yi , 9 4 Y«, KYWX5'f'^9 4 Yi, 94Y 2 # J £© 
S»t^M^it(CiX7^^9 4Y,, 9 4Y 2 
Yfft^[p]^^K-r5 Xffi'J ^7^ F9 3 X 
2 ^iix.TV«5o 
[0 14 0] C©«^tfeV«T, Y$SX^2"9 4 Y, 
fcY«y-7*-YHl 0 4 Y. ttCj;oTYl4yx7 ; e 
-^1 1 4Y,«?ntl^o Sfc, YlAX^f^ 
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9 4 YztYWJ-TfiJVl 0 4 YifctCfc-sTYM'J 
x:7*-* 1 1 4 Yi^M^ntl/^o 
[0 14 1] XlfiU-7*V K9 3Xz(is H*.fcftHI 

§o f&fc^ XWU-7^K9 3XifcTO?tfc 
ioT^IAXf-i^WS T 2£Xlfc£lR]{d§girf 3X 

WJX7*-* axr, siiv H^Fca&sxttux 

7ff-rF9 3Xifcra-©if**ffiV'»T io 

-^93x 2 j fcnwo «?nt^§. 

[0 1 4 2] tulfiYffiU— 7^ — £ 1 1 2 Yi> 112 
Y 2 , 1 1 4Yu 1 1 4Y 2 , &a*XffiUr:7' : e-^9 

3x., 9 3x 2 «, HaaLfea4<oxT— ^*uapsfii 

[0 14 3] Sij|BYl47.9'f'^9 2 Y l O±BSfCti, 31 
lHM^I8i:|3|«oU-7xy3-^'ENC l o-gp% 
iJSt5R«8 3 3A^6n, I2f!lfcf§3 3 Afcft 
|R]LTYiMiU-7*VFl 0 2YzO-Y«I4!8±BBa5K 20 
« % 'J-7XV3^ENC 

;l/3 1 Atf Yfftl)-7^ F 1 0 2 Y l <D±ffifc5pfffc 
IER£ftTV^o 

[0 14 4] tul2Yl4X5-r^9 4 Yi©±iBfc 

£>> ^«©U-7xi/3-^ENC2<D-aJ*«l^"rS 
S!&§§3 3 BSKt^n, 1OTX§§3 3 Bi^UY 
WJX7*— ^©HS^l 0 4 Y,<D+YiJ4S±ffigP(C 
fi % iJzjxy^-^ENC 2§Mt§X'J 7 H3 
1 BtfS£? 1 0 4 Y, ©±Sfc J Pfi : fcESa:*tiTV'> 
3 0 30 

[0 14 5] MIE^x/nXx-^WS T 1 > WST2 
fi, W, 1 ©«Mg£|H)iBc, Xf->**»6 3 X. , 
6 3 X. t, *XMx-7;l/fc£^A/e«l«S*U J&tt 
OffijSfifc* *><&©, g#W48lfffcJ:E8"efcS. <B 

—>*WS T 2<DX^K)ti9 7 XA^XAXf-^WST 

[oi4 6] xiz, ^2<Dmmmm<D=Fmm^7,7-L, 

[0 14 7] ^SSffmioT^ltv'XrAti, 40 

A*fi»tt¥fcP LfiWtt(ftAXt|fil»T+XSlRlfr6Sl 
ftfSXttffgfrfM OX, fc % XttfcW^SiJ^tt^W 
TS z F#ff-lf-^ ; &75^^y h^A L G©tt«lfc:iR]«- 
T + X£fafr5JSIf'rSXMl : F#fM 0X 2 XMfF 
#IM OX.fcftLTYWtfflRjHIl (-Y^[rJ) fcjffiS 
MH%*»TWt 6 tu XWtW^i'JSIfi^W-rST 

»fte-Afcjss#r3x«ffi8ftM oxi x«fi=# 
w-4 ox.oYiiwriRiflSfti (+yt3(ri) tcm^raps^s 
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i»£JSIfr 3 XflffFSffi- 4 0 X< PL© 
3teWA XtC&^TXttffMM 0 X, OSIftWfcSilK 

s^rsfflfitt^irrsTiWH-if-^iawTs y«f 

$ff4 0Y, fc, 7v^^>hmALG(D^$4T-X|ftT 

m+4 0 x 2 tmMK&&?&M&Nitt'r&=pmt£ 

-&*HM*lN6YirF*fM0Yifc*«*.T^S. 
[0 14 8] T^st^xA^^I-ST^Bt©?^ 
cd, KUBXWTiMM 0 X. fca8fEY«FF#fM OYifc 
tc<fc»3. ^XAXr->*WSTl, W S T 2 Ol^ftlfr 

»J, 'JlA^f — v*W S T 1 , W S T 2 ©tAfttfr— # 

fcttfi*nfc>xMfcw-r57'7-i'>« y nwoxf 

[0 14 9] $fc, X«lT8*tM OXstt, ^xaXt 

-yws t 1 i$mmm^7*74*y vim. x»7 

TMtT'SO, X«fF#fM0X««, ^xnxf-^ 
WST2«a^?.77^^yhill^ Xtt77^ 

[0 1 5 0] lul2Y$fi z F^ff4 0 Yi , 4 0Y 1 «\BI7 
a*5#*p«J:5fc:, ^XAXr-y'WSTl, WST 
2±KK^6.ny*cY»«ia9 6Y. 9 7 Y(DXl4^[R]g 

■££.k> fc*#^iwi l 2 » p»nr^ 

-So 

[0 15 1] *^jeejifc*ttS^XM^r-^ 
WS T 1 WxnXr->'WST 2 ££ffl^fcMfT$aif 
fc*V»T» ^XAXf-y'WST 1 ^tS»3fc¥lfiP L© 

IAL GCOT^T (^XAxMtf->XA77^^yh^ 

~>*W S T 2 tfSg 2 tf^ffigfr 1 WSUH«^tt"r 

TH7-01 OtS^THiW-rSo 
[0 15 2] fcfc, H7^5W6^ftJ:^fc, #^SSJ£ 

£^tf£x/N77^*yhtffrtaftS&2«f^iff 
fe, ^XA^f — $/W S T 1 i: ^xaXt - y"W S T 2 

[0 15 3] *^«©t|-ei±, 9x/\3fiE8Wfrt> 
n-S&a (79-r^MSAL GOTO) <t>7X^7v 

X/N77^^yh^ff7fiB (77^^yh^ALGC0 
43, ^XMSftfflHSS'JJc QfiAK) 
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VftW&ft&fk P L ©T7j 577^VMSALG© 
[O15 4]0 7£fcJ\ ^XAXf-^WSTlitl 

snn^o §x-r-^±fc®a^nrc^x/Ntc 10 

[0 15 5] cn50»ftli!7XAXf-^WST 2iJ 

ffi^fcj&i;* 09 (a) {c^^ns#*Hfi[gfc[Rj^o 

X 2 , 4 0X^6OTgm-e-i»*^«|tl9 7XtC|S)ig 20 

±fMWSB2 OTftt^-r-S^IW»*«l 9^LT 
XflflFiSfrfM OX I ©<B£fflV'TXBl : F#fM OX,*? 
'J-tr>yhLT, T8WHtf»«©3l8Sf*fr5. *©&, 
'jzx/NX-r-i/'WS T 2©{uBte, fM4 OX,, 4 

[oi5 6] co^, 09 (a) ic^tti^mam. 

tLXlt, I >x/N7,x-> ? WST2©Y{jig^M^Lfc 

^3 1 b 3 3 b fimm xt ntcvm t & 30 

Sfefi) ^^I/xXf-i/WS T2©{iB£XiM 
TPfHOX*. Y«fF#tM 0 YafCTWai"P**ffifi 

[0 15 7] fit, ^X/^f-yWST 1 ffllfcteV 
T, ^x/NWnc^fr^ffi^^TLfcB#^T\ 7.x- 

i:, ^XAXf-^WS T 2* + X^|r|»CIrI^oTK»J 
-rsi&ftfcFjflJfrf 5fc|iP$fc % -JXAXf-^WST 1 
^> f©Y«lS[B]fiI^iJx7x>3-^ENCl(CT 40 
IH!IHrfl6*ffiKT+Y35nRilcBlrr«. c©SKj©I^ 

tct, i$ijs?ga2 ot*{±, Matraait, xm^mf 

4 0 X, ilXffi^If 4 0 X 3 OfHBfi©5IIIHf*ff 5. 
09 (B) fctt, ^XAXf-yVVSTl^Yfil 
^>J-7iyP-^ENC 1 tCTtf-IiM^fiHST^ 

[0 15 8] -73, 09 (A) ©ttaifrS, m^s^x 
AXf-'>*WS T 2tf+X£fofc£»lLfcl$j&T, Yffi 
TMt4 0 Y 2 ^P»©T^lte-A*\ ^iaXt-^ 
WST20Y£»«9 7Yfc:iii;fe5a<fcSo £©B£j& 50 
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T'fi, Y$ifhFMt4 0 Y, fr&CD^pfte-Afe Y&» 
^9 7 YtttSfc6ftV\ CtUi, Mi$©£?^ PS 
•r§Yf4^ItA^cD=F^tf-lf-AOr^lL 2 (07# 
M) tfY#»«9 7 Y«fc»)t>:KWc#>T*£3o 

[0 1 5 9] Z£T\ ±ffJ®Jgg2 Ofr&OjgijsKS^ 

Xr-vWPSEBl 9-Ctts ±f2©&Sj©j£fpT% 
Y$4T?$it4 0 Y.^50T»tHf-A«»Y«IMl9 7 
Yfc^c6*<45S T*(D^tftfr(Dm £T% £xmX 
f-;ws T 2©Yffig©fHflJ{cffl^3fiAgff-8iJgg£ 
YttfiFSW 4 0 Y 2 5> U X7i>3-^E N C 2 K« 
DMS^tfeK, ^O^OIfcfcllfj^OYttTgjfM 
0 Y 2 ©ffi£{$*rf 5„ Xf-^iWigll 9T? 

ii, >;-7x>3-^ENC 2fcW»)g|*.fcl$j£fr5 
(±, Ijx7xy3-^ENC ZOSHJffifcl^T, ® 
2 *T-$>Bl&3R£tf-#lMtPU ^XAXf-v^W S 
T2<DY&g£-5£fc:&-o<i£i:LT^3 0 

[0 16 0] £©<fc5fCLT, 09 (B) iC^SftSffi 
g£T\ ^ia^t-^W ST 1, W S T 2 IflWIMti 

[0 16 1] C©g!S6©^*, 010 (A) tC^£tl3 

J;5fc: % >)XAXf->*WS T2»cfevTli, YSH6 
M9 7 YfcYlflT^fM 0 Y, ©TMttf-AftWcS 
{&g$T% ^/XAXr-^WS T 2^Ilc + X5|pJt^ 
lltSOT?, Xx-i-WJggl 9T*fi, YtthF#fM 
0 Y.©T*tf-e-A^Y^«iai9 7 Yfc^/*c5«k5tc 

=Fi«M 0 Y, ©ffi£, «rfc«#LT43V^Ytt=F»W 
4 0 Y 2 ©flltcyu-bv h-TSo EttfcfctK fiA^ 
f->*WS T 2©YfitB©tf-iJtcfflv^figffSiiaB^ 

U "Txyn-^ENC 2fr£Y$|lffi$ff 4 0 Y,tc3J 

XAXr->"W S T 2 ©ffiWi, =fmf 4 0 X, , 4 0 

[0 16 2] -73> "JxaXt — v'WS T 1 {UfCfcl^T 
-X7?lRj'\©^Sl©^^01 0 (A) testis 

< *5 ©T\ Y MT^ff 4 0 Y , 6 ©TMt A*< 

6 Y^afce.*<«:5ST*©v>-rn^©^ 

T\ ^XAXf-^WST 1 ©Y{ig©ft$iJ£ffl^3{5 
gff-iJgK^Yf4^lt4 o Y,^sux7xyn-^ 

Y«mwH-4 o Y,©fi^f*#-r§ 0 xf-^j 

©S*i9-ett, 'Jx7xyn-^ENCit«t)M 
fd%&frlE>&, Ux7xy3-^E N C 1 (Dm&micm 
^>VT, JBlXr-^B»3R**-#«!l»U ^xax 
f-v'WS T l ©YfflB*— StcffioiifctLT^So 
?IT> Xf-i?M»SI19tli> Y^K^9 6Y{C 
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Ytt=F*fM 0 YzCDTMte-A^fc^fig^T, 
^XAXf-^WST 1 *2t>lC-Xli\inK®mU Y 
WffiMt4 0 YiOTjWtfe-Atf Y£IWt9 7 YfC^ 

jSUTYflfffiMf 4 0 YzOfil*, fflfcfiJ^LTfe^fc 

[0 16 3] Xf-»ill 9T'«, tfx 

AXf-^WSTl, WST2 0fnfM, 
2 ©Xx-^lggj^^^-T § iul2& U - 7*- * ^ 
LT, 010 (B) £^£nS{fcH*a«Mfc1Bi:LT, 10 

AXf-i^WST 1 ©ftgtfT^i'^y hft&aH&j: 
DtHfflStU ^XAXf->*W S T 2 

^^iaxt-^w sti, w s t 2 (Dim^mmr 

[0 16 4] C<D£?lC, =Fmf^*7-L.RWJ-7x. 

[0 16 5] ft*, *JB 2 9x/s 
Xf-^WSTl, WS T2^MtrLT^SjLTV^g 
^{cfeV^T WlAXf->*WST 1 ^Slgft^P L 
©T^^r^^^y h^A L G©T73K|p]«-T-X77 
falC®m?Z><D£m7LT, |?XAXf-> ; WST2^ 

lAXf-^WSTl, WS T 2 Y laffiMt 

3„ c ©J; a KPB* r-s>*W tit. YITF^atTMJ 30 
•Ptav^^&fctt, ^iAXf-i^WST l ©Y&gti 
gEi£©&l< iJx7xya-^ENC l T-flL, ^ia 
Xf->*WS T 2©Y{iBt>K5£©ftK iJx/XJ/3- 

fel/^T, SXf- ^©feafC<fcoT{±, iTOXf-v' 
© Y fflB©Sa* U x7i y a fflaWfx*. § 

<fc3fcfcoTV3 (BXf-^i:feVx7i>3-^ 

[0166] Lfc * 9 £ , #£SfiJ&J8©»fcg 40 

■fc«fctltf* ^XAXf-^WSTl, WST2©2# 
TcttH^ffiJf^ 2^iRj©=F^H-^e.©T^tf-e-A© 
515, -7:©TMffr&©TiMte-ALfrSfc£&^ 
T&b^-^©&i&®|{<:T$ittf-Atf£< ^fc 

&*VMl£##&LTt>, ffiBgfctfx/^x-^Offi 

-^©/MKktfisns 1 1 fete, ^ 7-«if^fcfetja=i 
x his, M»ifAat;: J;^Xx-i>'©Si|14©{gT^[HlM-r 
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i§t M^tfc^l©^Jfi^i:ll^c^ffiS©lRl 

[oi6 7] crucian xmrnwreit. m-<DT? 

xM^x-^©Wii^t:^nTv^©i?, fiAXf 

^-7.©±ffi©¥as^(n]±-ri.ci:^T't§©T\ d 

[0 16 8] *^ISfi0^c^3lt575-r^yh^ 

alg^ ii^MS^©77-r^>'h-fey-9-(ciie.n 

§&©-£«&<, fuxELfcJ;-?^ L I 

[0 16 9] <^3©^SS0M> #fgSJ!©!g3© 

nfimmzm 11-01 3ic&3^xmi?z. c c 

©Steffi Hgft l < ««r 3 & © 1 1- 3 <, 
[0 17 0] :«)$3^i»llK:ftSffiim M 

^-^■©a^istf Rtfn 2 commmm 

T-lis C©fflS^^Di:bT^-rSo 
[0 1 7 1] Hi lfctt, *^3©^SS^^c^5Xr- 
-S>SH2 3 O^¥M0^T«tl»SW^75?nTV^ o CI 
<DXr-^l2 3 0tt ^1, £2&ffiga8fcHM& 
^xaXt-v'X-X 1 2©±®fc}&-3T#3££#6n? 
£3 XW^TlRjRtf^S^T-feS YWrtriatttALT 2 
*7^ftt 5 2-30!>XAXr-i?WS T K WS T 
2, S^n^^lAXf-^WSTK WST2£ 

znznmm? %>m 1 2 y^-^raraws*!**. 

[0 17 2] -JxaXt-^WST 1 £ffi«rr58l X 
r- 3>«lHfcJ:LTtt, Hi l © 3 PffiHK^*tiS<fc5 
(C, >)lAXf-^-X 1 2©Y|ft^fR]-iJ (-Y 

nij) tcise^n, x«c&i^fcsitf*xttu-7*>rF8 

3Xu ^XtfiUxT^ F8 3X, ICf^X^Wit^X 
mX74#8 4X, ^XffiTs^'1'^8 4X©+Yli» 
6 - YWffite^^T JCi»jaStlfc*eBlllP 5 5 IcBo 
T> YW^rlRl^^Sj-r-S YfiX9-r^2 7 2 Y«*flM. 
TV^Sc C©Y|fiXv>f^ , 2 7 2 Y©±ffi©+Y^T|qj!^ 

gPjfi^^^xMXx-^ws t i ijmmtnx^^o ? 

%t>%. XMffiBWir'lt, -7XAXf-i/WSTHi, 
fuiibfclg 1 ©^M^cfcntS^XMx-^I/Rtfc 

V^^, {ES:±'7XM7.x-^WS T 1 tPpA,T»^St> 
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CO 1 7 3] MEXttU-r^ F8 3 X, 0fl*tf 

^'84X&> 01 2£^£ftS«k5fc:, YZBfffijb^H 
I^UTttOJBttfctfU X|4'J-T^K8 3X,^ 

•Y^*8 4X©XWl'J-7'^F8 3XifcWlRl"rSiaa5 

lazy hfcXWy-T^f-C F8 3X, tfCcfcoT^ £ 
x/Uf-^WST 1 %X«|#|R]lcWKrf SXWU-7 10 

t-* i 8 o xA^^nrv^o 

[0 17 4] mmYmX7J?2 7 2 YH\ 
XOJE»HP5 5£Djfi^KtiYiRllXv^^2 7 2Y tt 

*0Wt&?£#§JS"t3Yil!i;*7-1'*'2 7 2 YfcGMOflF 
*6JB^T, Y|SU-7^-^2 7 2 Yfc^fe 

[0 1 7 5] 01 ncK0> 9x/\*f— 5>WST2* 20 

otvso "rat's, i2 7f-i/*n^ii, iaii© 

¥®0^2ns<J:d^ >)XAXf-^-xi20 
Ylft^fpjfMiJ C+YflD KBSB£ft, Xfft^iRitcEtfS 
XWJ-TiJ^f F8 3 Xz, mXMV-7JM F 8 3 Xz 

8 5X(D+Yi]®^e.-YffiiJ®{C^ltTMii^^nfc 

3gmp*3 p 5 6 »c» o r y iai73 fa t z y 9 *r 9 

2 7 4Y§4i^Tt>5. cOYiX7^2 7 4YO 30 
±ffi©-Y£fi^E&te*x/\XT-5?WS T 2tf« 

[0 17 6] HUteXfflU-7*VF8 3X2{i, AH*. If 

-T^8 5Xtt, BUKB^lRl^t-. Xl';-7^F8 3X 
i£±£&tfffl£fr5Htr«fc5fclBfiSn-C^So XW 
X7^^8 5X(0XfiUx7*V F8 3XifcWlRj"f* 
IHJgiHcti, ^0^<OM@^X<y hAWtStlTV^o C 40 
©ffia->y hfcXfSUxy^ F8 3Xz £fc£o 
T\ ^lAXf->*WS T 2*X|ft73[p](i:|g»)-r^Xl4 
'JxT*—* 1 8 1 Xt>m$,2tlX^Z>o 
[0 17 7] 8WBYWX9-<^2 7 4 Ytt, 0fl*.B*«« 
?a;«yhtj;oTl^nt^5 0 XiX7^^8 5 
XO*g»|BP5 6cDifi^caY|ft7sV^^2 7 4Yifc 

nt^6, KTC^TH:, ±IBY«lUx7*-**, 

*oir»?**iia"r*Yi*x9-<^2 7 4 y^r-<d^f 

^fcfflt^T, MM, YMU-7^-^ 2 7 4 YfcBf^fe 50 
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[0178] msexwuxr^-^ 1 8 OX, 1 8 1 

X, YfA'J-7^-2 2 7 2 Y, 2 7 4 Y&, 0 4CQ7.' 
T-i?MWmWl 2\z£iX, £ffillP8»2Ofr&0ffi 

[0 17 9] -JlAXr-^WS TK WS T 2 

^$47.^**2 7 2 Y, 2 7 4 Y WftUdtt 

LTtt, MxJfU x7 J &-* J MM';*=n';l/*-*©J: 
^j:d-U>'^ (WBffiSffffl) WUO^ 

•JXAXf-^WSTl, WST2li, Yfft 
77^2 7 2Y, 2 4 YtcMLT3eilt (XI4, Y 
14, flz^XttZftfk flx, 8y) (D^<D'>ft<i:t 

§<Wi6g|£K (X, Y, Z, fix, By, 0 z) (Do 

t, 2 as«^nsnfiM&TO4ii«*»ffl u 

*180X, 1 8 1 X£Yiftyx7t— *2 7 2 Y, 2 

7 4 Y*&xy—v<Dm.mmmt Lxm^zzttfx- 

-So 

[0 18 0] ^IAXf->'WS T 1, WS T 2 

It, I7^7U ^^*ffl^T7f-^-7 1 2±T- 

^lAXf-^WSTK WST2i:Yf47.v 
^£"2 7 2 Y, 2 7 4 Y<Om^ ZWU\tii<DmWit>*f£± 
^IWjfctfXMXr-S'WST 1, WST2© 

fXf— ^-X 1 2<D £ fc?&^x;s;*.T-v > 'WS T 

l, ws t 2(D&mmmtKz>¥ia&<Dm^w (&»s 

[0181] ^XAXf-v'W S T 1 OTffltcH:, 0 1 
2£jfr£ft3<fc5fc:. -)XAXf-'>*WSTKOYfel 
^tfi|-r§7c4&©U-7x>n-^ENC l£«c-f§ 
fflftgjl 3 3 AW &nTfc 0 > C <Df!®gfi 3 3 A 

tc^tT, x^x-7^^8 4x<D+x{mffi^e>«, u 

xrxyn-^ENC l £«j£-f 3^y7.^-;l/3 l 

Atf+Yismfofartxgmztix^Zo 

[0 18 2] VfflOCy ->XAXf-^WST20TIli: 
t±, 01 nc^2ft<S<fc5fc:, >7XAXf-^WST2 
OY(ftH*tf-aJ'r«fe*©Ux7xy3-^ENC 2* 

«fig-r5SW«S3 3 b. ttmvztu mmm%iW3 3 

B,}cft|R]LT, XiX7^^8 5X«D-XMffi^e. 

zi/3 1 B.j^-Y^ifimcrtiitT^KsnTvSo 

[0 18 3] Ifc, XW^5-r^8 5XO+YfflJ®fJ: 
li % -7XAXf-v^WS T 2©X{fi[fi%tt-Sii-r5/c«)CD 
UX7X^3-^ENC 2i*«fi!t-rSS!KaH3 3 Bz 
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y-/l/3 1 Bitf£#ai#5 2 DfrZ + XfifalCfatfT 
XfiflU-7*V K8 3X 2 fcS{£¥fTfc£KSft"rV 

[0184] *m3commm<D=Fm^>x-TL> 
ic-D^rm 1 1 tes-^TBMB'tSo 

[0 1 8 5] mi 1 fc^*ti*J:3t, *MMftm<DT 

-i»*tt»3fc*lfiP L©3HftAXfclnltJT + X*lRl^6 
KBHTSXttTiMM OX, i:, Xttlc¥ffftW*tt* 

ttT+X£ftfr5MS*T5XWT#ff-4 OX2 i: s £i£ 
ft^lfc P L ©ft$[& A X T-fulB X m=f'Mi 4 0 X, ©$ljg 

-fSYflffi^if 4 0 Y. t, 77^^y^ALG(D)t 

w-exn=FiWH-4 0 x 2 tmmc&&?zmBM*%t 

AfcSWfrS Ytf=F#fM 0 Y 2 fc, 

[0 18 6] HuIEXfiB^fM OX, ilHUieYffi^F^ff- 
4 0 Y, fcfcj; 0, £Xf--$>©»tlWTO0flMfHia 

icm^znzmffiQwmtfmMzn, mrnxm^mt 20 

4 OX2 fcYWTMM 0 Y 2 fcfcj:!), SXf-^ 1 ? 

[0 18 7] **Sfi^S8fcft^*»>XM^-r-^ 
WS T 1 t^XAXr->*WST 2 fcfcffl^fcMfrfflSl 

Tfr e. 7 7-c * y h % a l g BT^^lfj-r 3 t {07 
»fcov>Tffi*fcKWr*. 30 

[01 88] 01 1 tcti. -)XAXf->*WST 1 HIT? 

<7x/nw 1 icfti>TmytW)fttfftt>n, ^x^xx-y 

WS T 2iJT77-T^> MUffsWrfetiT^SttlR^ 
?nTl>5. •7XM7.x-> ? WST2{!l 

©7^* ybmftt>m7?z>£, 7,7—*Jum%m.\ 
m^jscT, H-Y^tRi^Eij-r^c c©«-&, 01 1 

fr5#frS«fc3fc, 'J'XaXt — v'WS T 1 WiaX 
x-i> , WST2A'«Xflfi^|R]tc|aLTS^!3^ (Y«tff 
faKMtf) s ^XAXf-i^WS T 2±cDX^f)^9 7 40 

[0 1 8 9] *CT% £«OT8ll2 0fr6©iBjftte*3 

Xr-^f&JfflfiR 1 9T*M\ ±fe©&ffi)©j£' : PT\ 
Xf4 z F^lt4 0X2^5,£D r F^H-e-A^X^i!j^9 7 

xfcsfc5>&<&3£ -e^^-rn^<o^-?\ ^xaX 
f->*w s t 2<DxtiLW<Ditmcm^z>tiLWWffl%m* 

•jft^StfcfefJ:, ^©$!3^B#*rC*©X|«fFPfM 
OXiOfil^fiJ^-rS. Sfc, Xx-^J^SSl 9 7? 50 
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|J"7X>3-^ENC 2zfc^t)l&lfcB#j&fr5 
14, Ux7xyn-^ENC2 2 <0^ttifil^S^T, 
^2Xx-^W^^-r§xf4Ux7 ; e-^ 1 8 1 
X*-9--#IM»U ^XAXr-^*WST2(QXfitI« 

[0 19 0] ^LT, ^i;Ur->*WST 1 ©Mft®J 
T l^-Y^{cffi»F*n«o £©£ts -7x/N7.r- 

^wst i ©xffl»*w-»r*xttT»w-^x«i=F»ft 

4 OX.fr^XKfFMM 0Xifc5l*«tftl§fcs ^x 
A7f->*WS T 2<DX®mffi.§ 7X£, XttTSfrtM 
OX.^P, ©T&ft tT- A tc 5 <fc o \Z. ts. -5 ©T\ % 

<Dfmx\ xf-v/*w8ii 9 it. ±«6iwsa2o^ 

5©JB^fc(5i;TX«ffi£fM OX. ©fit*, 
LT£V>fcX#7$fM 0X 2 ©ffi£7y-fe'V h^So 

[0191] cnwfttt, ±esbi. tsz^nemtn 

micLX. ±9M£M2 0©*^©T> Xr->¥flg 
■ 1 9 tc J; «9 . Yttffi^fM 0 Y., xyp-^ENC 

K YfUfFSftM 0 Y.^JdCffl^Tx 'JXAXf-: V 
WS T 1 IFTUtV h^ALGETST'^Sl^nSo 

[0 19 2] [SUfK, ±»SB2 0©it^©T, Xf 
-$>M«S«1 9fc«fcD» Y|fi7$?ft4 0 Y 2 , xya 
-^ENC2,, YttfF#tM 0 Yi*«fCfflVT, >7X 
AXr-^WS T 2#JMBft¥!RP LETI:Ti£ij£tt 

-So 

[0 19 3] 7^fh>7.xA> 
xyn-^»^ct(ci^ #Xr-^©{ftH£ES 

[0 19 4] ■Tftte'S, *^aS^Ht«fcn^ £x/\* 
r—>*©fi«ltSiJgBi: LT U x7x>3-^^|f- 
fcl)flt«i:i:lc«fcD 4 -)xaxt-^WST1, WS 

T 2 © 2 3fc7£{ft«*tHttr4 2 #fi©=F#fl*&©T# 

H-tr-A©?-^ io©7$fttr5©7$ff-tr-.kLj!>> 

tcfelt*3^ MS, Rt>**^{t£<fc3 , 7XMX7 i -v ? © 
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[TITLE OF THE INVENTION] 

STAGE UNIT, STAGE POSITION CONTROL METHOD, EXPOSURE METHOD 
AND EXPOSURE APPARATUS, AND DEVICE MANUFACTURING METHOD 
[ABSTRACT] 
5 [Object] 

To improve position controllability of stages without 

increasing manufacturing cost of an apparatus. 

[Solution] 

When multiple stages (WST1, WST2) are in a first specific area 
10 SAl and a second specific area (SA2a, SA2b) , interferometers 
(40Xi to 4OY3) measure the position of each stage, and when 
each stage is within a predetermined range including a partial 
area where position measurement cannot be performed by the 
interferometers in a zone where they move between each area, 
15 linear encoders (ENC1, ENC2) measure the position of each stage. 
That is, a position of each stage within the moving areas can 
be constantly measured by combination of the interferometers 
and the encoders, without increasing the number of measurement 
beams from the interferometers or lengthening reflection 
20 surfaces on which measurement beams are irradiated, for 
example. Therefore, it becomes possible to improve position 
controllability of stages without increasing manufacturing 
cost of an apparatus. 
[CLAIMS] 

25 [Claim 1] A stage unit that has multiple stages which 
respectively move within each moving area including a first 
specific area where a first process is performed and a second 
specific area where a second process different from the first 
process is performed, the unit comprising: 
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a first position measuring unit that respectively 
measures a position of each of the stages by irradiating 
measurement beams on reflection surfaces arranged on each of 
the stages when each of the stages is in at least the first 
5 specific area and the second specific area; 

a second position measuring unit that measures a 
position of each of the stages by a method that is different 
from a method of the first position measuring unit when each 
of the stages is in a predetermined range including at least 
10 a predetermined partial area where position measurement of 
each of the stages cannot be performed by the first position 
measuring unit, in a zone where each of the stages moves between 
the first specific area and the second specific area; and 
a movement control unit that controls movement of the 
15 multiple stages so that in the middle of a first movement in 
which a predetermined stage of the multiple stages is moved 
from the first specific area to the second specific area, a 
second movement in which another stage of the multiple stages 
is moved from the second specific area to the first specific 
20 area is performed; wherein 

during at least a partial period in which the first 
movement and the second movement are performed in parallel, 
both the stages are simultaneously measured with the second 
position measuring unit respectively. 
25 [Claim 2] The stage unit of Claim 1, further comprising: 

a control unit that switches the first and second 
position measuring units used for position measurement of each 
of the stages according to a position of each of the stages. 
[Claim 3] The stage unit of Claim 2 wherein 
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the control unit maintains constantly a position of each 
of the stages in a measurement direction of the second position 
measuring unit based on a measurement value of the second 
position measuring unit when each of the stages is in a zone 
5 where position measurement of each of the stages cannot be 
performed by the first position measuring unit in the zone 
where each of the stages moves between the first specific area 
and the second specific area. 

[Claim 4] The stage unit in any one of Claims 1 to 3 wherein 
10 the second position measuring unit is any of a linear 

encoder, a Hall sensor and a capacitance sensor. 
[Claim 5] The stage unit in any one of Claims 1 to 4 wherein 
each of the stages can move along a two-dimensional plane 
independently from each other. 
15 [Claim 6] The stage unit in any one of Claims 1 to 5 wherein 
the first specific area is used by the multiple stages. 
[Claim 7] The stage unit of Claim 6 wherein 

the second specific area is used by the multiple stages. 
[Claim 8] The stage unit of Claim 6 wherein 
20 the second specific area is arranged individually for 

each of the multiple stages. 

[Claim 9] The stage unit in any one of Claims 1 to 8 wherein 
during the first movement, the stage passes through a 
third specific area where a third process different from the 
25 first and second processes is performed and moves toward the 
second specific area after the third process is performed in 
the third specific area. 

[Claim 10] A stage position control method of controlling 
positions of multiple stages that respectively move within 
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each moving area including a first specific area where a first 
process is performed and a second specific area where a second 
process different from the first process is performed, the 
method comprising : 
5 a first process in which when each of the stages is in 

at least the first specific area and the second specific area, 
a position of each of the stages is measured by irradiating 
measurement beams on reflection surfaces arranged on each of 
the stages, and based on the measurement result, the position 

10 of each of the stages is controlled; 

a second process in which when the measurement beams are 
not incident on the reflection surfaces on each of the stages 
in a zone where each of the stages moves between the first 
specific area and the second specific area, the position of 

15 each of the stages is measured by a method different from that 
of the first process, and based on the measurement result, 
the position of each of the stages is controlled; and 

a third process in which the multiple stages are moved 
so that in the middle of a first movement in which a 

20 predetermined stage of the multiple stages is moved from the 
first specific area to the second specific area, a second 
movement in which another stage of the multiple stages is moved 
from the second specific area to the first specific area is 
performed, and in at least a partial period in which the first 

25 movement and the second movement are performed in parallel, 
both the stages are measured simultaneously by the different 
methods . 

[Claim 11] The stage position control method of Claim 10 
wherein 
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the first and second processes are selectively executed 
according to the position of each of the stages. 
[Claim 12] The stage position control method of Claim 11, 
further comprising : 
5 a fourth process in which a position of each of the stages 

in a measurement direction is maintained constantly based on 
the position measurement result of each of the stages in the 
second process. 

[Claim 13] The stage position control method in any one of 
10 Claims 10 to 12 wherein 

in the second process, a position of each of the stages 
is measured using any of a linear encoder, a Hall sensor and 
a capacitance sensor. 

[Claim 14] The stage position control method in any one of 
15 Claims 10 to 13 wherein 

each of the stages can move along a two-dimensional plane 
independently from each other. 

[Claim 15] The stage position control method in any one of 
Claims 10 to 14 wherein 
20 the first specific area is used by the multiple stages. 

[Claim 16] The stage position control method of Claims 15 
wherein 

the second specific area is used by the multiple stages. 
[Claim 17] The stage position control method of Claim 15 
25 wherein 

the second specific area is arranged individually for 
each of the multiple stages. 

[Claim 18] An exposure method of transferring a pattern formed 
on a mask onto a substrate via a projection optical system, 
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the method comprising: 

controlling a position of each of the stages using the 
stage position control method according to any one of Claims 
10 to 17, 

5 measuring information related to a position of the 

substrate in the second specific area, and 

transferring the pattern in the first specific area 
based on the information related to a position of the substrate 
that is measured in the second specific area. 
10 [Claim 19] The exposure method of Claim 18 wherein 

during the first movement, the predetermined stage 
passes through a third specific area where a third process 
in which the substrate mounted on the stage is exchanged and 
moves toward the second specific area after the third process 
15 is performed in the third specific area. 

[Claim 20] A device manufacturing method, the method 
comprising : 

a process in which a device pattern formed on a mask is 
transferred onto a substrate using the exposure method 
20 according to one of Claims 18 and 19. 

[Claim 21] An exposure apparatus that transfers a mask pattern 
onto a substrate via a projection optical system, the apparatus 
comprising : 

at least one mark detection system that detects a mark 
25 on the substrate; 

a first stage and a second stage that independently move 
two-dimensionally holding respectively the substrate within 
each moving area including a first specific area below the 
projection optical system and a second specific area below 
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the mark detection system; 

a first position measuring unit that respectively 
measures a position of each of the stages by irradiating 
measurement beams on reflection surfaces arranged on each of 
5 the stages when each of the stages is in at least the first 
specific area and the second specific area; 

a second position measuring unit that measures a 
position of each of the stages by a method different from that 
of the first position measuring unit when each of the stages 

10 is in a predetermined range including at least a predetermined 
partial area where position measurement of each of the stages 
cannot be performed by the first position measuring unit in 
a zone where each of the stages moves between the first specific 
area and the second specific area; and 

15 a movement control unit that controls movement of the 

multiple stages so that in the middle of a first movement in 
which the first stage is moved from the first specific area 
to the second specific area, a second movement in which the 
second stage is moved from the second specific area to the 

20 first specific area is performed; wherein 

during at least a partial period in which the first 
movement and the second movement are performed in parallel , 
both the stages are simultaneously measured with the second 
position measuring unit respectively. 

25 [Claim 22] The exposure apparatus of Claim 21, further 
comprising : 

a control unit that switches a measuring unit used for 
position measurement of each of the stages according to a 
moving position of each of the stages. 
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[Claim 23] The exposure apparatus in one of Claims 21 and 22 
wherein 

as the mark detection system, a first mark detection 
system and a second mark detection system are respectively 
5 placed on a position on the -side opposite to each other with 
respect to the projection optical system, 

the first stage moves within an area including the first 
specific area and the second specific area below the first 
mark detection system, and 
10 the second stage moves within an area including the first 

specific area and the second specific area below the second 
mark system. 

[Claim 24] The exposure apparatus of Claim 23 wherein 

the first and second mark detection systems are placed 
15 so that each detection center is positioned symmetrically with 
respect to a projection center of the projection optical 
system. 

[Claim 25] The exposure apparatus in one of Claims 21 and 22 
wherein 

20 as the mark detection systems, only a single mark 

detection system is arranged, and 

both the first stage and the second stage move within 
an area including the first specific area and the second 
specific area below the mark detection system that is shared 

25 by the stages. 

[Claim 26] The exposure apparatus of Claim 25 wherein 

an axis that passes through the projection center of the 
projection optical system and the detection center of the mark 
detection system is parallel to any of a measurement axis in 
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a first axis direction in which the first position measuring 
unit measures the position of each of the stages and a 
measurement axis in a second axis direction orthogonal to the 
first axis direction. 
5 [Claim 27] The exposure apparatus of Claim 25 wherein 

an axis that passes through the projection center of the 
projection optical system and the detection center of the mark 
detection system is not parallel to any of the measurement 
axis in the first axis direction in which the first position 
10 measuring unit measures the position of each of the stages 
and the measurement axis in the second axis direction 
orthogonal to the first axis direction. 

[Claim 28] The exposure apparatus in any one of Claims 21 to 
27 wherein 

15 the first stage passes through a third specific area 

where a substrate to be mounted on the stage is exchanged during 
the first movement and further moves toward the second specific 
area after the operation of the substrate exchange is performed 
in the third specific area. 

20 [Claim 29] An exposure apparatus that transfers a mask pattern 
onto a substrate via a projection optical system, the apparatus 
comprising : 

a mark detection system that detects a mark on the 
substrate; 

25 a first stage and a second stage that independently move 

two-dimensionally holding respectively the substrate within 
each moving area including a first specific area below the 
projection optical system and a second specific area below 
the mark detection system; and 
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a position measuring unit that respectively measures a 
position of each of the stages by irradiating measurement beams 
on reflection surfaces arranged on each of the stages; wherein 

an axis that passes through a projection center of the 
5 projection optical system and a detection center of the mark 
detection system is not parallel to any of a measurement axis 
in a first axis direction in which the position measuring unit 
measures the position of each of the stages and a measurement 
axis in a second axis direction orthogonal to the first axis 
10 direction . 

[Claim 30] An exposure apparatus that forms a predetermined 
pattern on a substrate via an optical system, the apparatus 
comprising : 

a first member that is movable in a first axis direction; 
15 a second member that is separately installed in a second 

axis direction that is orthogonal to the first axis direction 
in a plane orthogonal to the optical axis of the optical system 
with respect to the first member and is movable in the first 
axis direction; 

20 a third member that moves in the first axis direction 

along with movement of the first member and is movable in the 
second axis direction with respect to the first member; 

a fourth member that moves in the first axis direction 
along with movement of the second member and is movable in 

25 the second axis direction with respect to the second member; 

a first stage that is connected to the third member in 
the vicinity of an end portion on the second member side in 
the second axis direction of the third member, and holds a 
substrate; and 
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a second stage that is connected to the fourth member 
in the vicinity of an end portion on the first member side 
in the second axis direction of the fourth member, and holds 
a substrate; wherein 
5 each of the first stage and the second stage is 

respectively movable within a moving area including a first 
specific area including an area below the optical system and 
a second specific area different from the first specific area. 
[Claim 31] The exposure apparatus of Claim 30 wherein 

10 each of the first stage and the second stage moves in 

at least the first axis direction along with a specific member 
to which each of the third member and the forth member is 
connected, when moving between the first specific area and 
the second specific area. 

15 [Claim 32] The exposure apparatus in one of Claims 30 and 31 
wherein 

at least one of the first stage and the second stage is 
movably connected to the specific member. 
[DETAILED DESCRIPTION OF THE INVENTION] 
20 [0001] 

[RELEVANT TECHNICAL FIELD TO THE INVENTION] 

The present invention relates to stage units, stage position 
control methods, exposure methods and exposure apparatuses, 
and device manufacturing methods, and more particularly to 
25 a stage unit that has multiple stages that move within each 
moving area including a first specific area where a first 
process is performed and a second specific area where a second 
process is performed, a position control method in which the 
positions of the multiple stages are controlled, an exposure 



Japanese Paten Application Publication No. JP2003-24 944 3 

12 

method in which the position control method is used and an 
exposure apparatus that is equipped with the multiple stages, 
and a device manufacturing method in which the exposure method 
is used. 
5 [0002] 

[BACKGROUND ART] 

Conventionally, in a lithography process for manufacturing 
semiconductor devices, liquid crystal display devices or the 
like, an exposure apparatus that transfers a pattern formed 
10 on a mask or a reticle (hereinafter generally referred to as 
a 'reticle' ) onto a substrate such as a wafer, a glass plate, 
or the like coated with a resist or the like (hereinafter 
generally referred to as a 'wafer' ) via a projection optical 
system is used. 

15 [0003] In recent years, from the viewpoint of emphasizing the 
throughput, as a projection exposure apparatus of this type, 
sequentially-moving type exposure apparatuses such as a 
reduction projection exposure apparatus by the 
step-and-repeat method (the so-called stepper) and a scanning 

20 exposure apparatus by the step-and-scan method (the so-called 
scanning stepper) have been mainly used. 

[0004] On a stepper or the like, a wafer stage to mount a wafer 
is arranged, and exposure is performed by moving the wafer 
stage below a projection optical system, or wafer alignment 
25 in which alignment marks formed on a wafer are detected by 
moving the wafer stage below an alignment system arranged 
separately from the projection optical system is performed. 
In a conventional exposure apparatus, after an exposure 
operation to a wafer is completed, three types of operations 
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of wafer exchange, wafer alignment and exposure have been 
repeatedly performed, where wafer exchange and wafer 
alignment are sequentially performed, and then, after 
exposure is performed, wafer exchange is performed again. 
5 Therefore, a period of time required for wafer exchange and 
alignment (hereinafter appropriately referred to as 'overhead 
time' ) has been the cause to lower the throughput of the 
apparatus . 

[0005] To solve such inconveniences, many suggestions have 
10 been made as to an exposure apparatus by the multiple stage 
method to improve the throughput by a simultaneous parallel 
processing in which multiple wafer stages are prepared, and 
while exposure is performed to a wafer on one wafer stage, 
wafer exchange and wafer alignment are performed on another 
15 stage (for example, refer to Kokai ( Japanese Unexamined Patent 
Application Publication) No. 8-51069 and the Pamphlet of 
International Publication Number W098/24115) . In the case of 
such an exposure apparatus by the multiple stage method, the 
position of the wafer stages is measured with high precision 
20 using a laser interferometer, as in the case of an exposure 
apparatus by the single stage method. 
[0006] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

In an exposure apparatus by the multiple stage method, a wafer 
25 stage where exposure to a wafer is performed and a wafer stage 
where wafer exchange and wafer alignment are performed need 
not to interfere with each other. Therefore, the distance 
between a projection optical system and an alignment system 
has to be wide to some extent. 
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[0007] In this case, to control constantly the position of 
the wafer stages by interferometers within moving areas of 
the wafer stages including during the movement between an 
exposure position (a position below the projection optical 
5 system) and an alignment position (a position below the 
alignment system) , measurement beams from the laser 
interferometers have to be constantly irradiated on 
reflection surfaces of movable mirrors arranged on the stages. 
As a method for this, the movable mirror should be lengthened 
10 or the measurement axes of the interferometers should be 
arranged in plural. 

[0008] In the former case, however, because the size of the 
wafer stages inevitably becomes larger, the position 
controllability of the wafer stages worsens and the cost for 

15 manufacturing the movable mirrors increases. On the other 
hand, the disadvantage in the latter case is that the cost 
for manufacturing the exposure apparatus inevitably goes up. 
[0009] The present invention has been made under such 
circumstances, and has as its first object to provide a stage 

20 unit and a stage position control method that can improve the 
stage position setting accuracy without increasing the cost. 
[0010] Further, the second object of the present invention 
is to provide an exposure method and an exposure apparatus 
that can transfer a pattern onto a substrate with high 

25 precision. 

[0011] Further, the third object of the present invention is 
to provide a device manufacturing method that contributes to 
improving the productivity of high integration microdevices. 
[0012] 
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[MEANS FOR SOLVING THE PROBLEMS] 

The stage unit according to Claim 1 has multiple stages (WST1, 
WST2) that respectively move within each moving area including 
a first specific area (SA1) where a first process is performed 
5 and a second specific area (SA2a, SA2b) where a second process 
different from the first process is performed, the unit 
comprises: a first position measuring unit (40Xi, 40X 2/ 40Yi 
to 40Y 3 ) that respectively measures a position of each of the 
stages by irradiating measurement beams on reflection 

10 surfaces arranged on each of the stages when each of the stages 
is in at least the first specific area and the second specific 
area; a second position measuring unit (ENC1, ENC2) that 
measures a position of each of the stages by a method that 
is different from a method of the first position measuring 

15 unit when each of the stages is in a predetermined range 
including at least a predetermined partial area where position 
measurement of each of the stages cannot be performed by the 
first position measuring unit, in a zone where each of the 
stages moves between the first specific area and the second 

20 specific area; a movement control unit (19, 20) that controls 
movement of the multiple stages so that in the middle of a 
first movement in which a predetermined stage of the multiple 
stages is moved from the first specific area to the second 
specific area, a second movement in which another stage of 

25 the multiple stages is moved from the second specific area 
to the first specific area is performed; wherein during at 
least a partial period in which the first movement and the 
second movement are performed in parallel, both the stages 
are simultaneously measured with the second position 
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measuring unit respectively. 

[0013] According to this, a position of each of the stages 
is measured with the first position measuring unit that 
measures a position of each of the stages by irradiating 
5 measurement beams on reflection surfaces when each of the 
stages is in at least the first specific area where the first 
process is performed and in the second specific area where 
the second process is performed. Further, a position of each 
of the stages is measured by the second position measuring 

10 unit that measures a position of each of the stages by a method 
different from a method of the first position measuring unit 
when each of the stages is in a predetermined range including 
at least a predetermined partial area where position 
measurement of each of the stages cannot be performed by the 

15 first position measuring unit, in a zone where each of the 
stages moves between the first specific area and the second 
specific area. Further, a movement control unit controls 
movement of the multiple stages so that in the middle of a 
first movement in which a predetermined stage of the multiple 

20 stages is moved from the first specific area to the second 
specific area, a second movement in which another stage of 
the multiple stages is moved from the second specific area 
to the first specific area is performed. Then, under the 
control of the movement control unit, during at least a partial 

25 period in which the first movement and the second movement 
are performed in parallel, each position of both the stages 
is simultaneously measured by the second position measuring 
unit. That is, when the first movement is performed on a 
predetermined stage, and in parallel with this, the second 



Japanese Paten Application Publication No. JP2003-24 94 4 3 

17 

movement is performed on another stage, even if a position 
of both the stages cannot be measured by the first position 
measuring unit, a position of each of the stages can be 
constantly measured within moving areas of each of the stages 
5 by combination of the first position measuring unit and the 
second position measuring unit, without increasing the number 
of measurement beams or lengthening reflection surfaces on 
which measurement beams are irradiated, according to the 
present invention. Therefore, it becomes possible to improve 

10 position controllability of stages without increasing 
manufacturing cost of an apparatus. in this case, because the 
length of the reflection surfaces can be minimized, the 
flatness degree of the reflection surfaces is improved, which 
can further improve position controllability of stages. 

15 [0014] In this case, as the stage unit according to Claim 2, 
the stage unit can further comprise a control unit (20) that 
switches the first and second position measuring units for 
position measurement of each of the stages according to a 
position of each of the stages. 

20 [0015] In this case, as the stage unit according to Claim 3, 
the control unit can constantly maintain a position of each 
of the stages in a measurement direction of the second position 
measuring unit based on a measurement value of the second 
position measuring unit when each of the stages is in a zone 

25 where position measurement of each of the stages cannot be 
performed by the first position measuring unit in the zone 
where each of the stages moves between the first specific are 
and the second specific area. 

[0016] In each of the stage units according to Claims 1 to 
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3 described above, various types of units can be used as the 
second position measuring unit. The second position 
measuring unit can be any of a linear encoder, a Hall sensor 
and a capacitance sensor, as the stage unit according to Claim 

5 4. 

[0017] In each of the stage units according to Claims 1 to 

4 described above, each of the stages can move along a 
two-dimensional plane independently from each other, as the 
stage unit according to Claim 5. 

10 [0018] In each of the stage units according to Claims 1 to 

5 described above, the first specific area can be used by the 
multiple stages, as the stage unit according to Claim 6. 
[0019] In this case, as the stage unit according to Claim 8, 
the second specific area can be used by the multiple stages, 

15 as the stage unit according to Claim 7, or, the second specific 
area can be arranged individually for each of the multiple 
stages . 

[0020] In each of the stage units according to Claims 1 to 
8described above, during the first movement, the stage can 

20 pass through a third specific area where a third process 
different from the first and second processes is performed 
and move toward the second specific area after the third 
process is performed in the third specific area, as the stage 
unit according to Claim 9. 

25 [0021] The stage position control method according to Claim 
10 is a stage position control method of controlling positions 
of multiple stages that respectively move within each moving 
area including a first specific area where a first process 
is performed and a second specific area where a second process 
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different from the first process is performed, the method 
comprising: a first process in which when each of the stages 
is in at least the first specific area and the second specific 
area, a position of each of the stages is measured by 
5 irradiating measurement beams on reflection surfaces arranged 
on each of the stages, and based on the measurement result, 
the position of each of the stages is controlled; a second 
process in which when the measurement beams are not incident 
on the reflection surfaces on each of the stages in a zone 

10 where each of the stages moves between the first specific area 
and the second specific area, the position of each of the stages 
is measured by a method different from that of the first process, 
and based on the measurement result, the position of each of 
the stages is controlled; and a third process in which the 

15 multiple stages are moved so that in the middle of a first 
movement in which a predetermined stage of the multiple stages 
is moved from the first specific area to the second specific 
area, a second movement in which another stage of the multiple 
stages is moved from the second specific area to the first 

20 specific area is performed, and in at least a partial period 
in which the first movement and the second movement are 
performed in parallel, both the stages are measured 
simultaneously by the different methods. 

[0022] According to this, when each of the stages is in at 
25 least a first specific area where a first process is performed 
and a second specific area where a second process is performed, 
a position of each of the stages is measured by irradiating 
measurement beams on reflection surfaces arranged on each of 
the stages, and based on the measurement result, the position 
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of each of the stages is controlled. Then, multiple stages 
are moved so that in the middle of a first movement in which 
a predetermined stage of the multiple stages is moved from 
the first specific area to the second specific area, a second 
5 movement in which another stage of the multiple stages is moved 
from the second specific area to the first specific area is 
performed, and in at least a partial period in which the first 
movement and the second movement are performed in parallel, 
both the stages are measured simultaneously by the different 

10 methods. That is, when the first movement is performed on a 
predetermined stage, and in parallel with this, the second 
movement is performed on another stage, even if measurement 
beams are not incident on reflection surfaces of each of the 
stages and a position of each of the stages cannot be constantly 

15 measured, positions of the stages can be controlled by 
measuring a position of each of the stages by a method different 
from that of the first process, and based on the measurement 
result, without increasing the number of measurement beams 
(the number of measurement axes) or lengthening reflection 

20 surfaces on which measurement beams are irradiated. 
Therefore, it becomes possible to improve position 
controllability of stages without increasing manufacturing 
cost of an apparatus. In this case, because the length of the 
reflection surfaces can be minimized, the flatness degree of 

25 the reflection surfaces is improved, which can further improve 
position controllability of stages. Accordingly, it becomes 
possible to improve position controllability of stages with 
little additional cost. 

[0023] In this case, as the stage position control method 
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according to Claim 11, the first and second processes can be 
selectively executed. 

[0024] In this case, as the stage position control method 
according to Claim 12, the stage position control method can 
5 further comprise a fourth process in which a position of each 
of the stages in a measurement direction is maintained 
constantly based on the position measurement result of each 
of the stages in the second process. 

[0025] In. each stage position control method according to 
10 Claims 10 to 12 described above, in the second process, a 
position of each of the stages is measured using any of a linear 
encoder, a Hall sensor and a capacitance sensor, as the 
position control method according to Claim 13. 
[0026] In each stage position control method according to 
15 Claims 10 to 13 described above, each of the stages can move 
along a two-dimensional plane independently from each other, 
as the position control method according to Claim 14. 
[0027] In each stage position control method according to 
Claims 10 to 14 described above, the first specific area can 
20 be used by the multiple stages, as the position control method 
according to Claim 15. 

[0028] In this case, the second specific area can be used by 
the multiple stages, as the position control method according 
to Claim 16, or, the second specific area can be arranged 
25 individually for each of the multiple stages, as the position 
control method according to Claim 17. 

[0029] The invention according to Claim 18 is an exposure 
method of transferring a pattern formed on a mask onto a 
substrate via a projection optical system, the method 
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comprising: controlling a position of each of the stages using 
the stage position control method according to any one of 
Claims 10 to 17, measuring information related to a position 
of the substrate in the second specific area, and transferring 
5 the pattern in the first specific area based on the information 
related to a position of the substrate that is measured in 
the second specific area. 

[0030] According to this, positions of the stages are 
controlled using the stage position control method according 

10 to any one of Claims 10 to 17, information related to a position 
of the substrate is measured in the second specific area, and 
a pattern is transferred in the first specific area based on 
the information related to a position of the substrate that 
is measured in the second specific area. Therefore, because 

15 measuring the information related to a position of the 
substrate and transferring the pattern are performed with 
position controllability of stages improved, the exposure 
accuracy can be improved. 

[0031] In this case, as the exposure method according to Claim 
20 19, during the first movement, the predetermined stage passes 
through a third specific area where a third process in which 
the substrate mounted on the stage is exchanged and moves 
toward the second specific area after the third process is 
performed in the third specific area. 
25 [0032] The invention according to Claim 20 is a device 
manufacturing method in which a device pattern formed on a 
mask is transferred onto a substrate using the exposure method 
according to Claim 18 or Claim 19. 

[0033] The exposure apparatus according to Claim 21 transfers 
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a mask (R) pattern onto a substrate (W) via a pro j ection optical 
system (PL) , the apparatus comprising: at least one mark 
detection system ( ALG1 , ALG2 ) that detects a mark on the 
substrate; a first stage (WST1) and a second stage (WST2) that 
5 independently move two-dimensionally holding respectively 
the substrate within each moving area including a first 
specific area below the projection optical system and a second 
specific area below the mark detection system; a first position 
measuring unit (40Xi, 4OX2, 40Yi to 40Y 3 ) that respectively 

10 measures a position of each of the stages by irradiating 
measurement beams on reflection surfaces arranged on each of 
the stages when each of the stages is in at least the first 
specific area and the second specific area; a second position 
measuring unit (ENC1, ENC2) that measures a position of each 

15 of the stages by a method different from that of the first 
position measuring unit when each of the stages is in a 
predetermined range including at least a predetermined 
partial area where position measurement of each of the stages 
cannot be performed by the first position measuring unit in 

20 a zone where each of the stages moves between the first specific 
area and the second specific area; and a movement control unit 
(19, 20) that controls movement of the multiple stages so that 
in the middle of a first movement in which the first stage 
is moved from the first specific area to the second specific 

25 area, a second movement in which the second stage is moved 
from the second specific area to the first specific area is 
performed; wherein during at least a partial period in which 
the first movement and the second movement are preformed in 
parallel, both the stages are simultaneously measured with 



Japanese Paten Application Publication No. JP2003-24 94 4 3 

24 

the second position measuring unit respectively. 
[0034] According to this, when a first stage and a second stage 
that independently move two-dimensionally holding 
respectively a substrate are in at least a first specific area 
5 below a projection optical system and a second specific area 
below a mark detection system that detects a mark on the 
substrate, a first position measuring unit that measures a 
position by irradiating measurement beams on reflection 
surfaces arranged on each of the stages measures a position 

10 of each of the stages. Further, when each of the stages is 
in a predetermined range including at least a predetermined 
partial area where position measurement of each of the stages 
cannot be performed by the first measuring unit in a zone where 
each of the stages moves between the first specific area and 

15 the second specific area, a second position measuring unit 
that measures a position by a method different from that of 
the first position measuring unit measures each of the stages. 
Further, a movement control unit controls movement of the 
multiple stages so that in the middle of a first movement in 

20 which the first stage is moved from the first specific area 
to the second specific area, a second movement in which the 
second stage is moved from the second specific area to the 
first specific area is performed. Then, under the control of 
movement control unit, during at least a partial period in 

25 which the first movement and the second movement are performed 
in parallel, each position of both the stages is simultaneously 
measured by the second position measuring unit. That is, when 
the first movement is performed on a predetermined stage, and 
in parallel with this, the second movement is performed on 
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another stage, even if a position of both the stages cannot 
be measured by the first position measuring unit, a position 
of each of the stages can be constantly measured within moving 
areas of each of the stages by combination of the first position 
5 measuring unit and the second position measuring unit, without 
increasing the number of measurement beams or lengthening 
reflection surfaces on which measurement beams are irradiated, 
according to the present invention. Therefore, it becomes . 
possible to improve position controllability of stages 

10 without increasing manufacturing cost of an apparatus. In 
this case, because the length of the reflection surfaces can 
be minimized, the flatness degree of the reflection surfaces 
is improved, which can further improve position 
controllability of stages. 

15 [0035] In this case, as the exposure apparatus according to 
Claim 22, the exposure apparatus can further comprise a control 
unit (20) that switches a measuring unit used for position 
measurement of each of the stages according to the moving 
position of each of the stages. 

20 [0036] In each exposure apparatus according to Claims 21 and 
22 described above, as the exposure apparatus according to 
Claim 23, a first mark detection system (ALG1) and a second 
mark detection system (ALG2) are respectively placed on a 
position on the side opposite to each other with respect to 

25 the projection optical system as the mark detection system, 
the first stage can move within an area including the first 
specific area and the second specific area below the first 
mark detection system, and the second stage can move within 
an area including the first specific area and the second 
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specific area below the second mark detection system. 
[0037] In this case, as the exposure apparatus according to 
Claim 24, the first and second mark detection systems can be 
placed so that each detection center is positioned 
5 symmetrically with respect to a projection center of the 
projection optical system. 

[0038] In each exposure apparatus according to Claims 21 and 
22 described above, as the exposure apparatus of Claim 25, 
only a single mark detection system is arranged as the mark 
10 detection system, and both the first stage and the second stage 
can move within an area including the first specific area and 
the second specific area below the mark detection system that 
is shared by the stages. 

[0039] In this case, as the exposure apparatus according to 
15 Claim 26, an axis that passes through the projection center 
of the projection optical system and the detection center of 
the mark detection system can be parallel to any of a 
measurement axis in a first axis direction in which the first 
position measuring unit measures a position of each of the 
20 stages and a measurement axis in a second axis direction 
orthogonal to the first axis direction, or, as the exposure 
apparatus according to Claim 27, an axis that passes through 
the projection center of the projection optical system and 
the detection center of the mark detection system cannot be 
25 parallel to any of the measurement axis in the first axis 
direction in which the first position measuring unit measures 
the position of each of the stages and the measurement axis 
in the second axis direction orthogonal to the first axis 
direction . 
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[0040] In each exposure apparatus according to Claims 21 to 
27 described above, as the exposure apparatus according to 
Claim 28, the first stage can pass through a third specific 
area where a substrate to be mounted on the stage is exchanged 
5 during the first movement and can further move toward the 
second specific area after the operation of the substrate 
exchange is performed in the third specific area. 
[0041] The exposure apparatus according to Claim 29 transfers 
a mask pattern onto a substrate via a projection optical 

10 system, the apparatus comprising : a mark detection system that 
detects a mark on the substrate; a first stage and a second 
stage that independently move two-dimensionally holding 
respectively the substrate within each moving area including 
a first specific area below the projection optical system and 

15 a second specific area below the mark detection system; and 
a position measuring unit that respectively measures a 
position of each of the stages by irradiating measurement beams 
on reflection surfaces arranged on each of the stages; wherein 
an axis that passes through a projection center of the 

20 projection optical system and a detection center of the mark 
detection system is not parallel to any of a measurement axis 
in a first axis direction in which the position measuring unit 
measures the position of each of the stages and a measurement 
axis in a second axis direction orthogonal to the first axis 

25 direction . 

[0042] According to this, because the first specific area and 
the second specific area are not parallel to any of the first 
axis direction and the second axis direction that are the 
measurement direction of the position measuring unit (oblique 
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with respect to each axis direction) , the distance between 
the projection center and the detection center with respect 
to the first axis direction and the second axis direction can 
be shorter compared with the case where each area is placed 
5 parallel to any of the axes. That is, the footprint of the 
exposure apparatus can be improved. Further, because the 
measurement axis during the exposure operation and the 
measurement axis during the alignment operation can be in the 
same direction, a position of each of the stages can be 

10 controlled, for example, without increasing the number of 
reflection surfaces arranged on each of the stages or the 
number of measurement beams of the position measuring unit, 
and it becomes possible to reduce manufacturing cost. 
[0043] The invention according to Claim 30 is an exposure 

15 apparatus that forms a predetermined pattern onto a substrate 
via an optical system (PL) , the apparatus comprising: a first 
member (84X) that is movable in a first axis direction; 
a second member (85X) that is separately installed in a second 
axis direction that is orthogonal to the first axis direction 

20 in a plane orthogonal to the optical axis of the optical system 
with respect to the first member and is movable in the first 
axis direction; a third member (272Y) that moves in the first 
axis direction along with movement of the first member and 
is movable in the second axis direction with respect to the 

25 first member; a fourth member (274Y) that moves in the first 
axis direction along with movement of the second member and 
is movable in the second axis direction with respect to the 
second member; a first stage (WST1) that is connected to the 
third member in the vicinity of an end portion on the second 
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member side in the second axis direction of the third member, 
and holds a substrate (Wl); a second stage (WST2) that is 
connected to the fourth member in the vicinity of an end portion 
on the first member side in the second axis direction of the 
5 fourth member, and holds a substrate (W2), wherein each of 
h the first stage and the second stage is respectively movable 
within a moving area including a first specific area including 
an area below the optical system and a second specific area 
different from the first specific area. 

10 [0044] According to this, the first stage is movable in the 
second axis direction along with movement of the third member 
in the second axis direction with respect to the first member 
and is also movable in the first axis direction along with 
movement of the first member in the first axis direction. 

15 Further, the second stage is movable in the second axis 
direction along with movement of the fourth member in the 
second axis direction with respect to the second member and 
is also movable in the first axis direction along with movement 
of the second member in the first axis direction. That is, 

20 each of the first stage and the second stage is movable within 
a two-dimensional plane. In this case, each of the first stage 
and the second stage is respectively movable within each moving 
area including a first specific area (moving area of a stage 
when a pattern is formed onto a substrate via an optical system) 

25 and a second specific area different from the first specific 
area (moving area of a stage when alignment by alignment system 
ALG is performed or wafer is exchanged) . Therefore, in the 
exposure apparatus of the present invention, because the first 
and second stages are movable in a moving area including the 



Japanese Paten Application Publication No. JP2 003-2 4 94 4 3 

30 

first and second specific areas regardless of the placement 
of the first specific area and the second specific area, the 
degree of freedom in placing the first specific area and the 
second specific area is improved, and by devising the placement, 
5 the footprint can be narrowed. 

[0045] In this case, as the exposure apparatus according to 
Claim 31, each of the first stage and the second stage can 
move in at least the first axis direction along with a specific 
member to which each of the third member and the fourth member 
10 is connected, when moving between the first specific area and 
the second specific area. 

[0046] In each exposure apparatus according to Claims 30 and 
31 described above, as the exposure apparatus according to 
Claim 32, at least one of the first stage and the second stage 

15 can be movably connected to the specific member. In this case, 
at least one of the first stage and the second stage can be 
movable in at least one of the directions of three degrees 
of freedom in a two-dimensional plane including the first axis 
and the second axis or in at least one of the directions of 

20 three degrees of freedom in the third axis direction orthogonal 
to the two-dimensional plane and in the oblique direction with 
respect to the specific member, or can be movable in at least 
any two of the directions of six degrees of freedom in the 
description above . 

25 [0047] 

[EMBODIMENT OF THE INVENTION] 
< Fir st Embodiment > 

An exposure apparatus related to a first embodiment of the 
present invention will be described below, referring to FIGS. 
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1 to 6. FIG. 1 shows the schematic configuration of an exposure 
apparatus 10 related to the first embodiment. Exposure 
apparatus 10 is a scanning exposure apparatus by the 
step-and-scan method, that is, the so-called scanning 
5 stepper. 

[0048] Exposure apparatus 10 is configured containing a light 
source and an illumination optical system (not shown) and 
equipped with an illumination system IOP that illuminates a 
reticle R from above by an illumination light for exposure, 

10 a reticle drive system that drives reticle R mainly in a 
predetermined scanning direction (a Y axis direction (the 
orthogonal direction to the page surface of FIG. 1)), a 
projection optical system PL that is placed below reticle R, 
a stage unit 30 that is placed below projection optical system 

15 PL and includes a wafer stage WST1 as a first stage and a wafer 
stage WST2 as a second stage that independently move on a 
two-dimensional plane (XY plane) holding respectively a wafer 
Wl and a wafer W2 as a substrate, and the like. 
[0049] Herein, as the light source, an ArF excimer laser 

20 (output wavelength: 193 nm) is used. Further, a pulsed laser 
light source that outputs a pulsed ultraviolet light in the 
vacuum ultraviolet region such as an F 2 laser (output 
wavelength: 157 nm) and the like or a pulsed laser light source 
that outputs a pulsed ultraviolet light in the far ultraviolet 

25 region such as a KrF excimer laser (output wavelength: 248 
nm) and the like can be used as the light source. 
[0050] The repetition frequency (oscillating frequency) , the 
pulsed energy and the like of the pulse emission of the light 
source are to be controlled by a laser controller 18 (refer 
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to FIG. 4) under the control of a main controller 20 (refer 
to FIG. 4) as a control unit. 

[0051] The illumination optical system is composed of an 
optical integrator (a fly-eye lens or a rod (internal 
5 reflection type) integrator, a condenser lens system, a 
reticle blind, an image-forming lens system (all of which are 
not shown) , and the like and illuminates a rectangular (or 
circular arc) illumination area on reticle R with a uniform 
illuminance. As the illumination optical system, a system 
10 having a structure similar to the one disclosed in, for example, 
Kokai (Japanese Unexamined Patent Application Publication) 
No. 9-400956 and the like. 

[0052] The reticle drive system is equipped with a reticle 
stage RST that is movable within an XY two-dimensional plane 

15 along a reticle stage base 32 shown in FIG. 1 holding reticle 
R, a reticle drive section 26 that contains a linear motor 
or the like (not shown) that drives reticle stage RST, and 
a reticle interferometer system 36 that controls a position 
of reticle stage RST. 

20 [0053] Reticle stage RST is actually composed of a reticle 
rough movement stage that moves in a predetermined stroke in 
the Y axis direction along the upper surface of reticle stage 
base 32 and a reticle fine movement stage that is finely 
drivable in the X-axis direction, Y-axis direction and 0z 

25 direction (rotation direction around a z-axis) with respect 
to the reticle rough movement stage. On the reticle fine 
movement stage, reticle R is held by suction via electrostatic 
chucking or vacuum chucking (not shown) . 

[0054] Reticle drive section 26 is actually configured 
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containing a linear motor that drives the reticle rough 
movement stage in the Y-axis direction, a voice coil motor 
that drives the reticle fine movement stage in directions of 
three degrees of freedom, i.e. the X, Y and 0z directions. 
5 [0055] As is described above, reticle stage RST is actually 
composed of two stages, but in the following description, 
reticle stage RST will be described, assuming that reticle 
stage RST is a single stage that is finely driven in the X-axis 
and Y-axis directions, finely rotated in the 0z direction and 

10 scanning driving in the Y-axis direction by reticle drive 
section 26, for the sake of convenience. Incidentally, 
reticle drive section 26 is configured containing a linear 
motor, a voice coil motor and the like, but in FIGS. 1 and 
4, reticle drive section 26 is shown as a block for the sake 

15 of simplification of the drawings. 

[0056] The position and rotation amount of reticle stage RST 
are measured by reticle interferometer system 36 fixed on 
reticle stage base 32 via a movable mirror 34 fixed on reticle 
stage RST, so that the measurement values of reticle 

20 interferometer system 36 are to be supplied to a stage 
controller 19 (not shown in FIG. 1, refer to FIG. 4) and to 
main controller 20 (not shown in FIG. 1, refer to FIG. 4) via 
stage controller 19. 

[0057] As projection optical system PL, a reduction system 
25 that is both-side telecentric on the object surface side 

(reticle side) and the image plane side (wafer side) , and whose 
reduction magnification is, for example, 1/4 (or 1/5) is used. 
Therefore, when an illumination light (pulsed ultraviolet 
light) is irradiated on reticle R from illumination system 
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IOP, the image-forming beams from a portion illuminated with 
the pulsed ultraviolet light in the circuit pattern area formed 
on reticle R enters projection optical system PL, and the 
partially inverted image of the circuit pattern is formed in 
5 the center of a field on the image plane side of projection 
optical system PL, limited in a slit shape or a rectangular 
shape (polygon) , each time the pulse irradiation of the pulsed 
ultraviolet light is performed. With this operation, the 
partially inverted image of the circuit pattern projected is 
10 reduced and transferred onto a resist layer on the surface 
of a shot area among a plurality of shot areas on wafer W, 
which is placed on the image-forming plane of projection 
optical system PL. 

[0058] As projection optical system PL, in the case an ArF 
15 excimer laser beam or an KrF excimer laser beam is used as 
the light source, a dioptric system consisting of only a 
refraction optical element (lens elements) is mainly used. 
However, in the case of using an F 2 laser light source or the 
like, a so-called catadioptric system, which is a combination 
20 of refraction optical elements and reflection optical 
elements (such as a concave mirror or a beam splitter) , or 
a catoptric system consisting of only reflection optical 
elements, is mainly used, such as the ones disclosed in, for 
example, Kokai (Japanese Unexamined Patent Application 
25 Publication) No. 3-282527. However, in the case of using the 
F 2 laser light source, it is also possible to use a refracting 
system. 

[0059] Stage unit 30 is equipped with wafer stage base 12 that 
is supported in a substantially horizontal manner above a floor 
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surface F via at least three vibration isolation units 53, 
two wafer stages WST1 and WST2 that independently move 
two-dimensionally along the upper surface of wafer stage base 
12 in an X-axis direction (non-scanning direction (the lateral 
5 direction in the page surface of FIG. 1) ) and in a Y-axis 
direction (scanning direction) , a stage drive system that 
drives wafer stages WST1 and WST2, respectively, and the like. 
[0060] As is shown in a planar view of FIG. 2, the stage drive 
system in the above description is equipped with X-axis linear 

10 guides 83Xi and 83X2 in pairs that are placed respectively on 
one side (+Y side) and the other side (-Y side) of the Y-axis 
direction of wafer stage base 12 and extend in the X-axis 
direction, sliders 84Xi and 85Xi and sliders 84X2 and 85X 2 , each 
in pairs, that move along X-axis linear guides 83Xi and 83X 2 , 

15 Y-axis linear guide 72Y that moves in the X-axis direction 
integrally with sliders 84Xi and 84X 2 that are arranged on both 
ends of Y-axis linear guide 72Y, Y-axis linear guide 74Y that 
moves in the X-axis direction integrally with sliders 85Xi and 
85X2 that are arranged on both ends of Y-axis linear guide 74Y, 

20 and the like. 

[0061] X-axis linear guides 83X X and 83X 2 in pairs are composed 
of a magnetic pole unit that incorporates a plurality of 
permanent magnets placed along the X-axis direction at a 
predetermined distance, for example. As for X-axis linear 

25 guide 83Xi, as it can be seen when viewing FIGS. 1 and 2 together, 
the ends on one side and the other side in the X-axis direction 
are supported by support members 52A and 52B so that X-axis 
linear guide 83Xi is substantially horizontal at a position 
of predetermined height from floor surface F. Similarly, as 
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for X-axis linear guide 83X 2 , the ends on one side and the other 
side in the X-axis direction are supported by support members 
52C and 52D so that X-axis linear guide 83X 2 is substantially 
horizontal at a position of predetermined height (position 
5 of the same height as that of X-axis linear guide 8 3Xi) from 
floor surface F. 

[0062] Two sliders 84Xi and 85Xi have a cross-sectional shape 
resembling the reversed letter U so as to enclose X-axis linear 
guide 83Xi from above and from the side and are supported by 

10 a gas hydrostatic bearing (not shown) in a non-contact manner 
with respect to X-axis linear guide 83Xi. Sliders 84X X and 
85Xi respectively incorporate armature coils. That is, in the 
embodiment, sliders (armature units) 84Xi and 85Xi as movers 
and X-axis linear guide (magnetic pole unit) 83Xi as a stator 

15 respectively constitute a moving magnet type X-axis linear 
motor . 

[0063] The remaining two sliders 84X 2 and 85X 2 have a 
cross-sectional shape resembling the reversed letter U so as 
to enclose X-axis linear guide 83X 2 from above and from the 

20 side and are supported by a gas hydrostatic bearing (not shown) 
in a non-contact manner with respect to X-axis linear guide 
83X 2 . Sliders 84X 2 and 85X 2 respectively incorporate armature 
coils. That is, in the embodiment, sliders (armature units) 
84X 2 and 85X 2 as movers and X-axis linear guide (magnetic pole 

25 unit) 83X 2 as a stator respectively constitute a moving coil 
type X-axis linear motor. In the description below, each of 
the four X-axis linear motors will be appropriately referred 
to as X-axis linear motor 84Xi, X-axis linear motor 85Xi, X-axis 
linear motor 84X 2 , and X-axis linear motor 85X 2 , using the same 
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reference numerals as the sliders 84Xi, 85Xi, 84X 2 , and 85X 2 
configuring each of the movers. 

[0064] Y-axis linear guide 72Y whose longitudinal direction 
is the Y-axis direction, and slider 84Xi is fixed to one end 
5 of the longitudinal direction and slider 84X 2 is fixed to the 
other end of the longitudinal direction. Y-axis linear guide 
72Y is configured, for example, by an armature unit that 
incorporates multiple armature coils placed along the Y-axis 
direction at a predetermined distance. Similarly, Y-axis 

10 linear guide 74Y whose longitudinal direction is the Y-axis 
direction, and slider 85Xi is fixed to one end of the 
longitudinal direction and slider 85X 2 is fixed to the other 
end of the longitudinal direction. Y-axis linear guide 74Y 
is configured, for example, by an armature unit that 

15 incorporates multiple armature coils placed along the Y-axis 
direction at a predetermined distance. Accordingly, Y-axis 
linear guides 72Y and 74Y are each driven along the X-axis 
by X-axis linear motors 84Xi and 84X 2 , and 85Xi and 85X 2 , each 
in pairs. 

20 [0065] As is shown in FIG. 3, Y-axis linear guide 72Y on one 
side is in an inserted state in a rectangular opening that 
is arranged on stage main body 172Y constituting wafer stage 
WST1 on one side and extends in the Y-axis direction. In other 
words, stage main body 172Y is arranged in a state so as to 

25 enclose Y-axis linear guide 72Y. On the bottom surface of 
stage main body 172Y, a plurality of gas hydrostatic bearings 
(not shown) are arranged, by which stage main body 172Y (wafer 
stage WST1) is supported by levitation on wafer stage base 
12 (refer to FIGS. 1 and 2), for example, in a state of 
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maintaining the clearance of several )j.m. 

[0066] Inside the rectangular opening of stage main body 172Y, 
for example, a magnetic pole unit consisting of a yoke whose 
sectional surface has a rectangular frame shape extending in 
5 the Y-axis direction and a plurality of permanent magnets that 
are alternately placed at a predetermined distance along the 
Y-axis direction on the lower surface or the upper surface 
of the yoke is arranged. In this case, in an internal space 
of the rectangular opening, an alternating magnetic field of 

10 the Y-axis direction is formed. That is, in the embodiment, 
a moving magnet type Y-axis linear motor that drives wafer 
stage WST1 in the Y-axis direction is configured by the Y-axis 
linear guide (armature unit) 72Y as a stator and the magnetic 
pole unit arranged on stage main body 172Y. 

15 [0067] As in the description above, Y-axis linear guide 74Y 
on another side is in an inserted state in a rectangular opening 
that is arranged on the stage main body (not shown) 
constituting wafer stage WST2 on another side, and extends 
in the Y-axis direction. The stage main body that constitutes 

20 wafer stage WST2 is configured similarly to stage main body 
172Y and supported by levitation on wafer stage base 12 (refer 
to FIGS. 1 and 2) in the same manner as in the case of stage 
main body 172Y. Also in this case, a moving magnet type Y-axis 
linear motor that drives wafer stage WST2 in the Y-axis 

25 direction is configured by the Y-axis linear guide (armature 
unit) 74Y as a stator and the magnetic pole unit arranged on 
the stage main body. 

[0068] In the description below, the two Y-axis linear motors 
described above will each be appropriately referred to as 
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Y-axis linear motor 72Y and Y-axis linear motor 7 4Y , using 
the same reference numerals as the linear guides 72Y and 74Y 
configuring each of the stators. 

[0069] In the embodiment, by X-axis linear motors 84Xi and 84X 2 
5 and Y-axis linear motor 72Y, the stage drive system that XY 
two-dimensionally drives wafer stage WST1 is constituted, and 
by X-axis linear motors 85Xi and 85X 2 and Y-axis linear motor 
74Y, the stage drive system that XY two-dimensionally drives 
wafer stage WST2 independently from wafer stage WST1 is 
10 constituted. 

[0070] X-axis linear motors 84Xi, 84X 2 , 85Xiand85X 2 , and Y-axis 
linear motors 72Y and 74Y are each controlled by stage 
controller 19 shown in FIG. 4. 

[0071] Incidentally, by slightly changing a thrust force 
15 generated by a pair of X-linear motors 84Xi and 84X 2 
respectively, yawing control of wafer stage WST1 becomes 
possible. Similarly, by slightly changing a thrust force 
generated by a pair of X-linear motors 85Xi and 85X 2 
respectively, yawing control of wafer stage WST2 becomes 
20 possible. 

[0072] Wafer stage WST1 on one side is, as is shown in FIG. 
3, equipped with stage main body 172Y and a plate shaped wafer 
table TBI mounted on stage main body 172Y via a Z-tilt drive 
mechanism (not shown) . On the upper surface of wafer table 
25 TBI, a wafer holder (not shown) is arranged, and the wafer 
holder holds wafer Wl by electrostatic suction or vacuum 
suction . 

[0073] Further, on the upper surface of wafer table TBI, a 
fiducial mark plate FM1 is installed at substantially the same 
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height as wafer Wl . On the surface of fiducial mark plate FM1, 
a first fiducial mark (not shown) in pairs is formed in the 
positional relation corresponding to a reticle mark (not 
shown) in pairs formed on reticle R. Further, on the surface 
5 of fiducial mark plate FMl, a second fiducial mark is formed 
in a predetermined positional relation with the first fiducial 
mark in pairs, for example, in the central position of these 
marks. The first fiducial mark is a mark that is used for 
measuring the positional relation with the corresponding 
10 reticle mark by a reticle alignment microscope in pairs ( to 
be described later) , and the second fiducial mark is a mark 
that is detected by an alignment system ALG1 (to be described 
later) . 

[0074] Further, on the upper surface of wafer table TBI, an 
15 X movable mirror 96X that has a reflection surface orthogonal 
to the X-axis on one end in the X-axis direction (the -X side 
end) is arranged extending in the Y-axis direction, and a Y 
movable mirror 96Y that has a reflection surface orthogonal 
to the Y-axis on one end in the Y-axis direction (the +Y side 
20 end) is arranged extending in the X-axis direction. On each 
reflection surface of movable mirrors 96X and 96Y, as is shown 
in FIG. 2, for example, interferometer beams (measurement 
beams) from interferometers 40Xi, 40Yi or the like that 
configure an interferometer system (to be described later) 
25 as a first position measuring unit are made incident, and by 
each of the interferometers receiving the reflection beams, 
a displacement from a datum position (normally, a fixed mirror 
is placed on the side surface of projection optical system 
PL or on the side surface of alignment system ALG1, which is 
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to be a datum plane) of the reflection surface of each movable 
mirror is measured. Accordingly, the two-dimensional 
position of wafer stage WST1 is measured. 

[0075] Referring back to FIG. 3, in the vicinity of the +Y 
5 side end portion of the sidewall on the -X side of stage main 
body 172Y, a U-letter shaped reader (scale reader) 33A that 
constitutes a part of linear encoder ENC1 as a second position 
measuring unit is fixed. In the central space of reader (scale 
reader) 33A, a slit plate (main scale) 31A that constitutes 

10 a part of linear encoder ENC1 along with reader 33A and is 
arranged extending in the Y-axis direction is inserted. On 
main scale 31A, a large number of slits are formed along the 
Y-axis direction at a predetermined pitch. Further, main 
scale 31A whose one end is fixed to the -Y side face of slider 

15 84Xi, is placed in parallel to Y-axis linear guide 72Y. 

[0076] Reader 33A is equipped with a housing whose sectional 
surface is a U-shape, a light-emitting element such as 
light-emitting diode (LED) that is arranged inside the housing 
(on the upper surface, for example) , a light-receiving element 

20 such as an index scale (short slit-plate on which a small number 
of slits are formed in the same pitch as that of the main scale) 
and photo diode (PD) that is arranged in the position facing 
with the light-emitting element (on the lower surface inside, 
for example), and the like. Then, as is shown in FIG. 3, in 

25 a state where slit plate 31A is inserted in the housing, when 
light is emitted from the light-emitting element, the light 
passes through the slit formed on slit plate 31A to reach the 
light-receiving element. Accordingly, every time wafer stage 
WST1 moves in the Y-axis direction, for example, by one pitch 
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of the slit, the light amount entering the light-receiving 
element passes from a bright area to a dark area to change 
by one period . Accordingly, by measuring the output frequency 
of the light-receiving element, the moving distance (or the 
5 speed or the like) of wafer stage WST1 can be measured. 

[0077] The measurement value of linear encoder ENC1 is sent 
to stage controller 19 shown in FIG. 4, and to main controller 
20 via stage controller 19. As will be described later, 
according to instructions from main controller 20, stage 

10 controller 19 controls wafer stage WST1 via each linear motor 
configuring the stage drive system based on the output value 
of each interferometer and linear encoder ENC1. 
[0078] Wafer stage WST2 on another side is configured in the 
same manner as in the case of WST1. That is, wafer stage WST2 

15 is equipped with a stage main body and a plate shaped wafer 
table mounted on the stage main body via a Z-tilt drive 
mechanism (not shown) as in the case of wafer stage WST1. On 
the upper surface of the wafer table, a wafer holder (not shown) 
is arranged, and the wafer holder holds wafer W2 by 

20 electrostatic suction or vacuum suction. On the upper surface 
of wafer stage WST2 (wafer table) , as is shown in FIG. 2, 
fiducial mark plate FM2 is installed at substantially the same 
height as wafer W2 . Also on the upper surface of fiducial mark 
plate FM2, the similar fiducial mark to the one on fiducial 

25 mark plate FM1 is formed. That is, on the surface of fiducial 
mark plate FM2, a first fiducial mark (not shown) in pairs 
is formed in the positional relation corresponding a reticle 
mark (not shown) in pairs formed on reticle R. Further, on 
the surface of fiducial mark plate FM1, a second fiducial mark 
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is formed in a predetermined positional relation with the first 
fiducial mark in pairs, for example, in the central position 
of these marks. 

[0079] Further, on the upper surface of wafer stage WST2 , an 
5 X movable mirror 97X that has a reflection surface orthogonal 
to the X-axis on one end in the X-axis direction (the -X side 
end) is arranged extending in the Y-axis direction, and a Y 
movable mirror 97Y that has a reflection surface orthogonal 
to the Y-axis on one end in the Y-axis direction (the +Y side 

10 end) is arranged extending in the X-axis direction. 
Interferometer beams from each of the interferometers that 
configures the interferometer system (to be described later) 
are made incident on each reflection surface of movable mirrors 
97X and 97Y, and the two-dimensional position of wafer stage 

15 WST2 is measured in the same manner as in the case of wafer 
stage WST1. As is described above, when wafer stage WST2 is, 
for example, in the vicinity of the position shown in FIG. 
2, the position of wafer stage WST2 in the Y-axis direction 
can be measured by a linear encoder ENC2 configured by a reader 

20 33B similar to reader 33A and a main scale 31B similar to main 
scale 31B, both in the description above. Then, the 
measurement value of linear encoder ENC2 is sent to stage 
controller 19 shown in FIG. 4 and to main controller 20 via 
stage controller 19. According to instructions from main 

25 controller 20, stage controller 19 controls wafer stage WST2 
via each linear motor configuring the stage drive system based 
on the output value of each interferometer and linear encoder 
ENC2 . 

[0080] Referring back to FIG. 1, on both ends of projection 
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optical system PL in the X-axis direction, alignment systems 
ALG1 and ALG2 by an off-axis method as the mark detection system 
that has the same function are installed in the positions the 
same distance away from the optical axis center of projection 
5 optical system PL (substantially the same position as the 
projection center of the reticle pattern image) in the X-axis 
direction . 

[0081] As alignment systems ALG1 and ALG2 , in the embodiment, 
an alignment sensor of FIA (Field Image Alignment) system that 

10 is a type of an image-forming alignment sensor based on an 
image-processing method is used. Alignment systems ALG1 and 
ALG2 are configured containing a light source (such as a 
halogen lamp) that constitutes a detection optical system and 
an image-forming optical system, an index plate where an index 

15 mark that will be a detection datum is formed, an imaging device 
(CCD), and the like. In alignment systems ALG1 and ALG2, a 
broadband light from the light source illuminates the mark 
subject to detection, and the reflection light from the 
vicinity of the mark is received by the CCD via the 

20 image-forming optical system and the index. Then, the image 
of the mark is formed on the imaging plane of the CCD along 
with the image of the index. And, by performing predetermined 
signal processing on an image signal (imaging signal) from 
the CCD, the position of the mark can be measured, using the 

25 center of the index mark serving as the detection reference 
point, as a datum. An alignment sensor of FIA system such as 
alignment systems ALG1 and ALG2 is effective especially in 
detecting asymmetrical marks on an aluminum layer or a wafer 
surface . 
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[0082] In the embodiment, alignment system ALG1 on one side 
is used for measuring the position of a mark on wafer stage 
WST1 such as an alignment mark formed on wafer Wl, and the 
like. Alignment system ALG2 on another side is used for 
5 measuring the position of a mark on wafer stage WST2 such as 
an alignment mark formed on wafer W2, and the like. 
[0083] Alignment controller 136 in FIG. 4 performs A/D 
conversion on the image signals from alignment systems ALG1 
and ALG2 , and based on the digitalized waveform signals, 
10 predetermined computation processing is performed to detect 
the position of the marks, using the index center as a datum. 
Information on the mark position is sent from alignment 
controller 136 to main controller 20. 

[0084] Incidentally, alignment systems ALG1 and ALG2 are not 
15 limited to the alignment sensor by the image-processing method 
in the description above, and it can be a sensor by a publicly 
known LIA (Laser Interf erometric Alignment) method where an 
interference light of diffracted beams from the mark is 
photoelectrically detected, and from the phase difference, 
20 information on a mark position is obtained, or a sensor by 
a publicly known LSA (Laser Step Alignment) method where a 
position is obtained based on the light amount of the 
diffracted beams from the mark. Or an alignment sensor by the 
so-called double-diffraction grating method that is disclosed 
25 in the pamphlet of International Publication No. WO 98/38689 
can be used. 

[0085] Incidentally, as is shown in FIG. 2, the central area 
(area surrounded in a dashed-dotted line) of wafer stage base 
12 located below projection optical system PL is an exposure 
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area SA1 as a first specific area where exposure is performed 
to the wafer on wafer stages WST1 and WST2, an area on the 
left side of exposure area SA1 is an alignment area SA2a as 
a second specific area where alignment is performed to the 
5 wafer on wafer stage WST1, and an area on the right side of 
exposure area SA1 is an alignment area SA2b as a second specific 
area where alignment is performed to the wafer on wafer stage 
WST2 . 

[0086] Next, an interferometer system as a first position 
10 measuring unit composed of multiple interferometers that 
measure the two-dimensional position of each wafer stage will 
be described, referring to FIG. 2. 

[0087] As is shown in FIG. 2, on the reflection surface of 
X movable mirror 96X on wafer stage WST1, interferometer beams 

15 from X-axis interferometer 40Xi are irradiated along the 
X-axis passing through an optical axis AX of projection optical 
system PL and an optical axis of alignment system ALG1. 
Similarly, on the reflection surface of X-movable mirror 97X 
on wafer stage WST2, interferometer beams from X-axis 

20 interferometer 40X 2 are irradiated along the X-axis passing 
through optical axis AX of projection optical system PL and 
an optical axis of alignment system ALG2 . Then, X-axis 
interferometers 40Xi and 40X 2 measure a relative displacement 
from the datum position of each reflection surface by receiving 

25 the light reflected off movable mirrors 96X and 97X, 
respectively, to measure the position of wafer stages WST1 
and WST2 in the X-axis direction. In this case, X-axis 
interferometers 40Xi and 40X 2 are multi-axis interferometers 
having a plurality of optical axes, and can also measure tilt 
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and 9z (yawing) of wafer stage WST1 and WST2, other than the 
position in the X-axis direction. The output value of each 
optical axis can be measured independently. 

[0088] Incidentally, the interferometer beam from each of 
5 interferometers 40Xi and 40X2 constantly irradiates X movable 
mirrors 96X and 97X in the entire moving range of wafer stages 
WST1 and WST2 . Accordingly, for the X-axis direction, the 
position of wafer stages WST1 and WST2 is controlled based 
on the measurement values of X-axis interferometers 40Xi and 
10 40X2 in any case, such as when exposure is performed using 
projection optical system PL and also when alignment systems 
ALG1 and ALG2 are used. 

[0089] Further, as is shown in FIG. 2, Y-axis interferometer 
40Y 2 , 40Yi and 40Y 3 are arranged. Y-axis interferometer 40Y 2 

15 irradiates an interferometer beam crossing interferometer 
beams from interferometers 40Xi and 40X 2 perpendicularly at 
optical axis AX of projection optical system PL, and Y-axis 
interferometers 40Yi and 40Y 3 respectively irradiate 
interferometer beams each crossing interferometers 40Xi and 

20 40X 2 perpendicularly at each optical axis of alignment systems 
ALG1 and ALG2 . Interferometers 40Yi and 40Y 2 and 

interferometers 40Y 2 and 40Y 3 are arranged in a state of being 
spaced apart a distance LI that is longer than the length in 
the X-axis direction of Y movable mirrors 96Y and 97Y that 

25 are arranged on each of wafer stages WST1 and WST2 . 

[0090] Accordingly, the interferometer beam from the Y-axis 
interferometer could miss the reflection surfaces of wafer 
stages WST1 and WST2, depending on the positions of wafer 
stages WST1 and WST2 . 
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[0091] Further, in the embodiment, the measurement value of 
Y-axis interferometer 40Y 2 that irradiates the interferometer 
beam passing through optical axis AX of projection optical 
system PL is used for Y direction position measurement of wafer 
5 stages WST1 and WST2 on exposure using projection optical 
system PL (in the case where wafer stages WST1 and WST2 are 
located within exposure area SA1), the measurement value of 
Y-axis interferometer 40Yi that irradiates the interferometer 
beam passing through the optical axis of alignment system ALG1 

10 is used for Y direction position measurement of wafer stage 
WST1 when alignment system ALG1 is used or the like (in the 
case where wafer stage WST1 is located within alignment area 
SA2a) , and the measurement value of Y-axis interferometer 40Y 3 
that irradiates the interferometer beam passing through the 

15 optical axis of alignment system ALG2 is used for Y direction 
position measurement of wafer stage WST2 when alignment system 
ALG2 is used or the like (in the case wafer stage WST2 is located 
within alignment area SA2b) . 

[0092] Incidentally, Y-axis interferometers 40Yi, 40Y 2 and 
20 40Y 3 are each in actual a multi-axis interferometer having 
multiple optical axes, and can also measure tilt, other than 
the position of wafer stages WST1 and WST2 in the Y-axis 
direction. The output values of each measurement axis can be 
measured independently . 
25 [0093] In the embodiment, the interferometer system is 
configured by two X-axis interferometers 40Xi and 40X 2 , and 
three Y-axis interferometers 40Yi, 40Y 2 and 40Y 3 . And, the 
measurement value of each interferometer that constitutes the 
interferometer system is sent to stage controller 19 shown 
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in FIG. 4 and to main controller 20 via stage controller 19. 
According to instructions from main controller 20, stage 
controller 19 controls wafer stages WST1 and WST2 via each 
stage drive system described above based on the output value 
5 of each interferometer. 

[0094] Incidentally, wafer carrier mechanisms 80A and 80B in 
pairs composed of a horizontal articulated robot (scalar 
robot) are installed at a predetermined distance on the -Y 
side of X-axis linear guide 83X 2 (the lower side of the page 

10 surface of FIG. 2) . Wafer carrier mechanism 86A on one side 
carries a wafer between wafer stage WST1 and a wafer carrier 
(cassette, not shown) . Wafer carrier mechanism 80B on another 
side carries a wafer between wafer stage WST2 and a wafer 
carrier (cassette) . 

15 [0095] Further, in the embodiment, reticle alignment 
microscopes RA1 and RA2 (omitted in the drawings such as FIG. 
1, refer to FIG. 4) by the TTR (Through the Reticle) method 
that uses an exposure wavelength for simultaneously observing 
a reticle mark on reticle R and a mark on fiducial mark plates 

20 FM1 and FM2 via pro j ection optical system PL are arranged above 
reticle R. The detection signals of reticle alignment 
microscopes RA1 and RA2 are supplied to main controller 20 
via alignment controller 136. Incidentally, as reticle 
alignment microscopes RA1 and RA2, the reticle alignment 

25 microscope having the same configuration as disclosed in, for 
example, Kokai (Japanese Unexamined Patent Application 
Publication) No. 7-176468 is used. 

[0096] Further, each of projection optical system PL, and 
alignment systems ALG1 and ALG2 has respectively an 
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autof ocus/autoleveling measuring mechanism for locating the 
focused position (omitted in drawings such as FIG. 1). 
Incident a lly, each autof ocus/autoleveling measuring 
mechanism is collectively shown in FIG. 4 as AF/AL system 150. 
5 Since the configuration of the exposure apparatus where AF/AL 
system 150 is arranged in projection optical system PL and 
alignment systems ALG1 and ALG2 in pairs is disclosed in detail 
in, for example, Kokai (Japanese Unexamined Patent 
Application Publication) No. 10-214783 and is publicly known, 

10 more detailed description will be omitted herein. 

[0097] FIG. 4 shows a main arrangement of a control system 
of exposure apparatus 10 of the embodiment. The control 
system is mainly composed of main controller 20 having overall 
control over the entire apparatus, stage controller 19 under 

15 the control of main controller 20, alignment controller 136 
and the like . 

[0098] Next, details on a parallel processing operation using 
two wafer stages WST1 and WST2, mainly on the respective 
components in the description above of the control system, 

20 will be described, referring to FIGS. 5(A) to 6(B). 

[0099] FIG. 5(A) shows a state where exposure is performed 
to wafer Wl on wafer stage WST1 in a manner to be described 
later, and in parallel with this, at a right-hand side loading 
position, wafer exchange is performed between wafer carrier 

25 mechanism 80B (refer to FIG. 2) and wafer stage WST2 . 
Incidentally, in the embodiment, the right-hand side loading 
position is set at a position where the second fiducial mark 
on fiducial mark plate FM2 of wafer stage WST2 is positioned 
directly under alignment system ALG2 . 
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[0100] First, control operations of each section during 
exposure operation performed on the wafer stage WST1 side will 
be described. 

[0101] On this exposure sequence, stage controller 19 moves 
5 wafer stage WST1 to a scanning starting position (acceleration 
starting position) for exposure of the first shot area on wafer 
Wl by controlling X-axis linear motors 84Xi and 84X 2 and Y-axis 
linear motor 72Y while monitoring the measurement values of 
interferometers 40Xi and 40Y 2/ in response to the command given 

10 based on the results of wafer alignment performed in advance 
from main controller 20. In this exposure sequence, the 
position of wafer stage WST1 is controlled on a coordinate 
system set by measurement axes of interferometers 40Xi and 40Y 2 
(hereinafter, referred to *first exposure coordinate system' 

15 for the sake of convenience) . 

[0102] Next, stage controller 19 begins the relative scanning 
of reticle R and wafer Wl, that is, reticle stage RST and wafer 
stage WST1, in the Y-axis direction, in response to 
instructions from main controller 20. On this relative 

20 scanning, stage controller 19 controls reticle drive section 
26 and Y-axis linear motor 72Y (and X-axis linear motors 84Xi 
and 84X 2 ) , while monitoring the measurement values of 
interferometers 40Xi and 40Y 2 and reticle interferometer 36. 
[0103] Then, when both stages RST and WST1 reach their target 

25 scanning speed, main controller 20 gives instructions to a 
laser controller 18 to start pulse emission and simultaneously 
controls a blind drive unit (not shown) so that predetermined 
blades of the movable reticle blind (not shown) within the 
illumination optical system that configures illumination 
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system IOP synchronously move with reticle stage RST , which 
prevents ultraviolet pulse light from irradiating outside the 
pattern area on reticle R. 

[0104] Then, when both stages, RST and WST1, reach a constant 
5 speed synchronous state, ultraviolet pulse light from 
illumination system IOP begins to illuminate the pattern area 
of reticle R, and scanning exposure begins. 

[0105] On the scanning exposure described above, stage 
controller 19 performs synchronous control between reticle 

10 stage RST and wafer stage WST1 via a reticle drive section 
26 and Y-axis linear motor 72Y (and X-axis linear motors 84Xi 
and 84X 2 ) in order to maintain a moving velocity V r of reticle 
stage RST in the Y-axis direction and a moving velocity V w of 
wafer stage WST1 in the Y-axis direction at a velocity ratio 

15 in accordance with the projection magnification of projection 
optical system PL (1/4 or 1/5 times) . 

[0106] Then, different areas in the pattern area of reticle 
R are sequentially illuminated by ultraviolet pulse light, 
and when illumination to the entire pattern area is completed, 
20 scanning exposure of the first shot area on wafer Wl is 
completed. By this operation, the pattern of reticle R is 
reduced and transferred onto the first shot area via projection 
optical system PL. 

[0107] In this case, according to instructions from main 
25 controller 20, predetermined blades of the movable reticle 
blind are synchronously moved with reticle stage RST by the 
blind drive unit (not shown) , which prevents ultraviolet pulse 
light from irradiating outside the pattern area on reticle 
R right after the scanning exposure is completed. 
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[0108] When the scanning exposure of the first shot area has 
been completed in the manner described above, according to 
instructions from main controller 20, stage control unit 19 
performs step movement of wafer stage WST1 via X-axis linear 
5 motors 84Xi and 84X 2 and Y-axis linear motor 72Y in the X-axis 
and Y-axis directions, and wafer stage WST1 is moved to the 
acceleration starting position (scanning starting position) 
for exposing the second shot area. During this stepping 
operation between shots, stage controller 19 measures the 

10 positional displacement of wafer stage WST1 in the X, Y, and 
0z directions real-time based on the measurement values of 
interferometers 40Xi and 40Y 2 . Then, based on the measurement 
results, stage controller 19 controls the position of wafer 
stage WST1 so that the XY positional displacement of wafer 

15 stage WST1 goes into a predetermined state. Further, based 
on the information on displacement in the 9z direction of wafer 
stage WST1, stage controller 19 controls the rotation of at 
least any of the reticle stage RST (reticle fine movement 
stage) and wafer stage WST1 so as to compensate the rotational 

20 displacement error on the wafer side. 

[0109] Then, when the stepping operation between shots has 
been completed, according to instructions from main 
controller 20, stage controller 19 and laser controller 18 
control the operation of each section as in the description 

25 above, and scanning exposure as in the description above is 
performed on the second shot area on wafer Wl . 
[0110] In this manner, the scanning exposure of the shot area 
on wafer Wl and the stepping operation for exposing the next 
shot are repeatedly performed, and the pattern of reticle R 
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is sequentially transferred onto all the shot areas subject 
to exposure on wafer Wl . 

[0111] During the exposure operation to wafer Wl by the 
step-and-scan method in the manner described above, wafer 
5 alignment operation is performed on wafer stage WST2 in the 
manner described below, following the wafer exchange. 
Incidentally, at the point in time of FIG . 5(A), stage 
controller 19 controls the position of wafer stage WST2 by 
controlling X-axis linear motors 85Xi and 85X 2 and Y-axis 

10 linear motor 74Y based on the measurement values of 
interferometers 40X 2 and 40Y 3 , according to instructions from 
main controller 20. In this case, at the right-hand side 
loading position, main controller 20 resets interferometer 
40Y 3 via stage controller 19 before alignment system ALG2 

15 detects the second fiducial mark formed on fiducial mark plate 
FM2 . 

[0112] On the detection of the second fiducial mark referred 
to above, alignment system ALG2 picks up an image of the second 
fiducial mark and the image signal is sent to alignment 

20 controller 136. Alignment controller 136 performs 

predetermined processing on the image signal, and by analyzing 
the signal after the processing, the position of the second 
fiducial mark using the index center of alignment system ALG2 
as a datum is detected. Based on the detection result of the 

25 position of the second fiducial mark and the measurement 
results of interferometers 40X 2 and 40Y 3 , main controller 20 
computes the coordinate position of the second fiducial mark 
on a coordinate system set by the measurement axes of 
interferometers 40X 2 and 40Y 3 (hereinafter, referred to as a 
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^second alignment coordinate system' ) . 

[0113] Next, main controller 20 performs wafer alignment by 
the Enhanced Global Alignment (EGA) method such as the one 
disclosed in, for example, Kokai (Japanese Patent Unexamined 
5 Application Publication) No. 61-22249 and computes the 
coordinate position on the second alignment coordinate system 
of each shot area on wafer W2 . And then, by subtracting the 
coordinate position of the second fiducial mark described 
above from these coordinate positions, main controller 20 
10 computes the relative position of each shot area with respect 
to the second fiducial mark. 

[0114] Normally, of the exposure sequence and the wafer 
exchange/alignment sequence performed in parallel on the two 
wafer stages WST1 and WST2, the wafer exchange/alignment 
15 sequence is completed earlier. Therefore, wafer stage WST2 
on which alignment has been completed goes into a waiting state 
at a predetermined waiting position. 

[0115] Stage controller 19 drives wafer stage WST2 in the +Y 
direction by a predetermined distance toward a predetermined 

20 waiting position shown in FIG. 5(B) according to instructions 
from main controller 20. In this case, the waiting position 
can be anywhere as long as it is a position where the position 
of wafer stage WST2 in the Y-axis direction can be measured 
by linear encoder ENC2, in other words, a position where main 

25 scale 31B configuring linear encoder ENC2 is in an inserted 
state in reader 33B and the position of wafer stage WST2 can 
be controlled by the second alignment coordinate system. Then, 
wafer stage WST2 waits at the predetermined waiting position. 
[0116] Then, at the point in time when exposure to wafer Wl 
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has been completed on the wafer stage WST1 side, stage 
controller 19 begins an operation of driving wafer stage WST2 
toward the -X direction according to instructions from main 
controller 20, and simultaneously drives wafer stage WST1 in 
5 the +Y direction. FIG. 6(A) shows a state where wafer stage 
WST1 moves to a position where the position of wafer stage 
WST1 in the Y-axis direction can be measured by linear encoder 
ENC1, in other words, to a position where main scale 31A 
configuring linear encoder ENC1 is in an inserted state in 

10 reader 33A. 

[0117] When wafer stage WST1 reaches the position shown in 
FIG. 6 (A) , stage controller 19 further drives wafer stage WST2 
toward the -X direction according to instructions from main 
controller 20, and also begins an operation of driving wafer 

15 stage WST1 toward the -X direction. Then, stage controller 
19 drives each of wafer stages WST1 and WST2 along each 
predetermined moving route via X-axis linear motors 84Xi and 
84X 2 and Y-axis linear motor 72Y, and X-axis linear motors 85Xi 
and 85X 2 and Y-axis linear motor 74Y, respectively, targeting 

20 the position shown in FIG. 6(B). 

[0118] During this movement, at the point in time when wafer 
stage WST2 moves in the -X direction by a predetermined amount 
from the state of FIG. 6(A), the interferometer beam from 
Y-axis interferometer 40Y 3 is not incident on Y movable mirror 

25 97Y of wafer stage WST2 . At this point in time, the 
interferometer beam from Y-axis interferometer 40Y 2 is not 
incident on Y movable mirror 97Y, either. This is because 
distance LI (refer to FIG. 2) of the interferometer beams from 
the adjacent Y-axis interferometer is longer than the length 
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of Y movable mirror 97Y , as is described previously. 
[0119] Accordingly, based on instructions from main 
controller 20, stage controller 19 switches the position 
measuring unit used for measuring the position of wafer stage 
5 WST2 in the Y-axis direction (Y position) from Y-axis 
interferometer 40Y 3 to linear encoder ENC2 at any point in time 
before the interferometer beam from Y-axis interferometer 40Y 3 
is not incident on (misses) Y movable mirror 97Y during the 
movement described above, and also stores the value of Y-axis 

10 interferometer 40Y 3 at the switching point in time. Further, 
from the point in time of switching to linear encoder ENC2, 
stage controller 19 servocontrols Y-axis linear motor 74Y 
based on the detection value of linear encoder ENC2 and 
constantly maintains the Y position of wafer stage WST2 . Then, 

15 stage controller 19 further moves wafer stage WST2 in the -X 
direction to the position where the interferometer beam of 
Y-axis interferometer 40Y 2 is incident on Y movable mirror 97Y, 
and right after the interferometer beam of Y-axis 
interferometer 40Y 2 begins to be incident on Y movable mirror 

20 97Y, stage controller 19 presets the value of Y-axis 
interferometer 40Y 2 to the value of Y-axis interferometer 40Y 3 
stored previously . According to this , the position measuring 
unit used for measuring the Y position of wafer stage WST2 
is switched from linear encoder ENC2 to Y-axis interferometer 

25 40Y 2 . And, after that point in time, while controlling the 
position of wafer stage WST2 on a coordinate system set by 
the measurement axes of interferometers 40X 2 and 40Y 2 
(hereinafter, referred to as a ^second exposure coordinate 
system' for the sake of convenience) , stage controller 19 
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drives wafer stage WST2 toward the target position where the 
first fiducial mark in pairs on fiducial mark plate FM2 is 
positioned directly below optical axis AX of projection 
optical system PL (projection center) shown in FIG. 6(B). 
5 That is, linear encoder ENC2 works on the position control 
over wafer stage WST2 while in a state where the interferometer 
beam from Y-axis interferometer 40Y 3 is not incident on Y 
movable mirror 97Y on wafer stage WST2 and in a state where 
the interferometer beam from Y-axis interferometer 40Y 2 is not 

10 incident on Y movable mirror 97Y. 

[0120] In parallel with the movement of wafer stage WST2 in 
the -X direction described above, stage controller 19 drives 
wafer stage WST1 by a predetermined amount in the -X direction 
from the position shown in FIG. 6(A) . The movement of wafer 

15 stage WST1 in the -X direction is a movement that makes wafer 
stage WST1 move from a position below projection optical PL 
toward the left-hand loading position (the position where 
wafer exchange is preformed) . Incidentally, wafer stage WST1 
moves to the left-hand loading position to perform an operation 

20 of wafer exchange, and then moves to the alignment detection 
position for detecting a mark on the exchanged wafer (the 
position for measuring the exchanged wafer by alignment system 
ALG1) in the case there is a wafer to be exposed next. That 
is, this movement of wafer stage WST1 in the -X direction can 

25 be said to be a part of the movement toward the position where 
an operation of wafer measurement by alignment system ALG1 
is performed sequentially after the wafer exchange. In other 
words, in parallel with the movement of wafer stage WST2 in 
the -X direction (the movement from an area below alignment 
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system ALG2 to an area below projection optical system PL) , 
wafer stage WST1 is moved from an area below projection optical 
system PL to an area below alignment system ALG1 . 
[0121] Also during this movement of wafer stage WST1 in the 
5 -X direction, as in the case of the movement of wafer stage 
WST2 in the -X direction described previously, a state (moving 
period, moving zone) where the interferometer beams from 
Y-axis interferometers 40Y 2 and 40Yi are both not incident on 
Y movable mirror 96Y exists . More specifically, because wafer 

10 stages WST1 and WST2 move in parallel in the -X direction, 
a state (period, zone) where both wafer stages WST1 and WST2 
cannot be measured by the Y-axis interferometer exists in some 
cases. In the case where both the stages cannot be measured 
by the Y-axis interferometer as is described above, the Y 

15 position of wafer stage WST2 is controlled by linear encoder 
ENC2 as is described previously and the Y-position of wafer 
stage WST1 is controlled by linear encoder ENC1 as will be 
described later. That is, in the case where both the stages 
are moved in parallel, stage controller 19 can control the 

20 Y position of all the stages by the linear encoders according 
to the position of both the stages (stage controller 19 has 
the control mode for controlling both the states by the linear 
encoders ) . 

[0122] In the following description, the position control of 
25 wafer stage WST1 that is performed when wafer stage WST1 is 
moved in the -X direction will be described. During this 
movement of wafer stage WST1, stage controller 19 switches 
the position measuring unit used for measuring the Y position 
of wafer stage WST1 from Y-axis interferometer 40Y 2 to linear 



Japanese Paten Application Publication No. JP2003-24 94 4 3 

60 

encoder ENC1 at any point in time when the interferometer beam 
from Y-axis interferometer 40Y 2 is not incident on Y movable 
mirror 96Y, and stores the value of Y-axis interferometer 40Y 2 
at the switching point in time. Further, from the point of 
5 switching to linear encoder ENC1, stage controller 19 
servocontrols Y-axis linear motor 72Y based on the detection 
value of linear encoder ENC1 and constantly maintains the Y 
position of wafer stage WST1. Then, stage controller 19 
further moves wafer stage WST1 in the -X direction to the 

10 position where the interferometer beam of Y-axis 
interferometer 40Yi is incident on Y movable mirror 96Y , and 
right after wafer stage WST1 is moved to the position where 
the interferometer beam from Y-axis interferometer 40Yi begins 
to be incident on Y movable mirror 96Y, stage controller 19 

15 presets the value of Y-axis interferometer 40Yi to the value 
of Y-axis interferometer 40Y 2 stored previously according to 
instructions from main controller 20. According to this, the 
position measuring unit used for measuring the Y position of 
wafer stage WST1 is switched from linear encoder ENC1 to Y-axis 

20 interferometer 40Yi. And, after that point in time while 
controlling the position of wafer stage WST1 on a coordinate 
system set by the measurement axes of interferometers 40Xi and 
40Yi (hereinafter, referred to as a *first alignment 
coordinate system' for the sake of convenience) , stage 

25 controller 19 drives wafer stage WST1 toward the target 
position where the second fiducial mark on fiducial mark plate 
FM1 is positioned directly below alignment system ALG1 shown 
in FIG. 6(B), that is, the left-hand loading position. That 
is, linear encoder ENC1 works on the position control over 
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wafer stage WST1 while in a state the interferometer beam from 
Y-axis interferometers 40Y 2 and 40Yi is not incident on Y 
movable mirror 96Y on wafer stage WST1. 

[0123] When wafer stage WST2 moves to the position shown in 
5 FIG. 6(B), main controller 20 detects the relative position 
between the first fiducial mark in pairs on fiducial mark plate 
FM2 and the projected images on the wafer surface of the reticle 
alignment marks corresponding to the first fiducial marks by 
reticle alignment microscopes RA1 and RA2 (refer to FIG. 4) 

10 in pairs, using an exposure light. And, by this detected 
relative positional information, the relative positional 
relation between the exposure position (the projection center 
of projection optical system PL) and the position of the first 
fiducial mark in pairs on fiducial mark plate FM2 is obtained. 

15 [0124] Then, based on the relative positional relation between 
the exposure position and the coordinate position of the first 
fiducial mark in pairs on fiducial mark plate FM2 obtained 
above and the relative positional relation of each shot area 
on wafer W2 with respect to the second fiducial mark on fiducial 

20 mark plate FM2 obtained in advance, main controller 20 computes 
the relative positional relation between the exposure 
position and each shot area on wafer W2 . And, based on the 
computation results, main controller 20 transfers a pattern 
of reticle R pattern to each shot area on wafer W2 by the 

25 step-and-scan method while controlling the position of wafer 
stage WST2 on the second exposure coordinate system as in the 
case of wafer Wl described above. 

[0125] Incidentally, it is a matter of course that the relative 
positional relation between the exposure position and each 
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shot area on wafer Wl is obtained in advance of exposure also 
in this case, similar manner to the case of the description 
above, though it was not referred to in the description on 
the exposure of wafer Wl . 
5 [0126] Meanwhile, on the left-hand loading position shown in 
FIG . 6(B), as in the case of the right-hand loading position, 
the second fiducial mark on fiducial mark plate FM1 is 
positioned below alignment system ALG1 and the wafer exchange 
operation using wafer carrier mechanism 80A (refer to FIGS. 
10 2 and 4) is executed. It is a matter of course that the reset 
operation of interferometer 40Yi is executed in advance of 
detecting the second fiducial mark on fiducial mark plate FM1 
by alignment system ALG1 . 

[0127] As it can be seen from the description so far, in the 
15 embodiment, the movement control unit that controls the 
movement of wafer stages WST1 and WST2 is configured by main 
controller 20 and stage controller 19. 

[0128] As is described above, according to exposure apparatus 
10 related to the first embodiment and stage unit 30 

20 configuring exposure apparatus 10, and the stage position 
control method, when each wafer stage is located in an area 
where an exposure operation to the wafer is performed 
(hereinafter, referred to as a *first specific area' ) and an 
area where an alignment operation to the wafer and a wafer 

25 exchange operation are performed (hereinafter, referred to 
as a 'second specific area' ) , each interferometer configuring 
the interferometer system measures the position of each wafer 
stage, and when each wafer stage is within a predetermined 
range including a predetermined partial area where the 
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position measurement of each wafer stage by the interferometer 
system cannot be performed, in a zone where the stage moves 
between the first specific area and the second specific area, 
the linear encoder measures the position of each wafer stage. 
5 That is, the position of each wafer stage can be measured 
constantly within moving areas of each wafer stage by using 
both the laser interferometers and the linear encoder. 
[0129] Further, according to exposure apparatus 10 related 
to the first embodiment, main controller 20 switches the 

10 position measuring unit (interferometer system and linear 
encoder) used for measuring the Y position of each wafer stage 
via stage controller 19 in accordance with the position of 
each wafer stage as is described above. Therefore, the 
interferometer system that can perform the position 

15 measurement with higher accuracy can be used as much as 
possible, and only in a predetermined range where this 
measurement is difficult to be performed, the linear encoder 
of which measurement accuracy is slightly inferior to the 
interferometer system can be used. Further, main controller 

20 20 can maintain the Y position of the wafer stage to a 
predetermined position when the position is measured by the 
linear encoder, as main controller 20 performs the switching 
described above in accordance with the position of each wafer 
stage. Accordingly, the length of the main scale of the linear 

25 encoder is sufficient at the necessity minimum. 

[0130] Further, in the exposure apparatus of the embodiment, 
the length of the movable mirror on the wafer stage can be 
minimized by employing the switching of the position measuring 
unit in accordance with the stage position described above. 
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As a consequence, the position controllability can be improved 
by the size reduction of the wafer stage, and the reflection 
surface can be processed with higher precision because of its 
easy process and the flatness of the reflection surface 
5 increases, which can further improve the position 
controllability of the wafer stage. Further, it is 
unnecessary to increase the number of the measurement beams 
of the interferometer system or to -lengthen the reflection 
surface on which the measurement beam is irradiated. 

10 [0131] Accordingly, the size reduction of the wafer stage can 
improve the position controllability of the wafer stage 
without increasing the apparatus manufacturing cost, and 
consequently the exposure accuracy including the overlay 
accuracy between the reticle pattern and each shot area on 

15 the wafer can be improved, which enables highly accurate 
transfer of fine patterns. 

[0132] Incidentally, in the embodiment described above, the 
case where the position of wafer stages WST1 and WST2 is 
controlled each by linear encoders ENC1 and ENC2 in a part 

20 of the partial period (zone) in which wafer stages WST1 and 
WST2 both move in the -X direction was described, but wafer 
stages WST1 and WST2 are controlled in the same manner also 
in the case where wafer stages WST1 and WST2 move in the +X 
direction. That is, in parallel with the movement of wafer 

25 stage WST1 from an area below alignment system ALG1 to an area 
below projection optical system PL, in the case where wafer 
stage WST2 moves from an area below projection optical system 
PL toward the right-hand side loading position (in other words, 
the case where wafer stage WST2 moves on the moving route toward 
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the right-hand side loading position that is a part of the 
moving route toward an area below alignment system ALG2) and 
both the stages are in a state (moving period, moving zone) 
in which the stages cannot be measured by either Y-axis 
5 interferometer, stage controller 19 controls the Y position 
of both the stages by the linear encoder (stage controller 
19 has the control mode for controlling both the stages by 
the linear encoder) . 
[0133] <A second embodiment> 

10 Next, a second embodiment of the present invention will be 
described, referring to FIGS. 7 to 10 (B) . For the constituents 
that are the same as or similar to those in the first embodiment 
previously described, the same reference numerals will be used, 
and the description thereabout will be brief, or entirely 

15 omitted. 

[0134] Unlike the exposure apparatus related to the first 
embodiment described previously, the exposure apparatus of 
the second embodiment possesses the features of having only 
one alignment system (alignment system ALG) arranged, and 

20 along with this, having a stage unit 130 shown in FIG. 7 
arranged, instead of stage unit 30 which was described 
previously. The configuration of other components or the like 
is similar to the first embodiment previously described. 
Accordingly, the differences will mainly be described in the 

25 following description. 

[0135] FIG. 7 schematically shows stage unit 130 related to 
the second embodiment in a planar view. As in the case of the 
first embodiment, stage unit 130 is equipped with two wafer 
stages WST1 and WST2 that independently move 
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two-dimensionally along the upper surface of wafer stage base 
12 in the X-axis direction (non-scanning direction) and in 
the Y-axis direction (scanning direction), the first and 
second stage drive systems that drive wafer stages WST1 and 
5 WST2, respectively, and the like. 

[0136] As is shown in the planar view of FIG. 7, the first 
drive system that drives wafer stage WST1 is equipped with 
Y-axis linear guides 102Yi and 102Y 2 in pairs that are placed 
respectively on one side of the X-axis direction (-X side) 

10 and the other side (+X side) of wafer stage base 12, and extends 
in the Y-axis direction, Y-axis sliders 92Yi and 92Y 2 in pairs 
that move along Y-axis linear guides 102Yi and 102Y 2 , X-axis 
linear guide 93Xi that moves in the Y-axis direction integrally 
with Y-axis sliders 92Yi and 92Y 2 that are arranged on both 

15 ends of X-axis linear guide 93Xi, and the like. 

[0137] In this case, Y-axis linear motor 112Yi is composed of 
Y-axis slider 92Yi and Y-axis linear guide 102Yi. Further, 
Y-axis linear motor 112Y 2 is composed of Y-axis slider 92Y 2 
and Y-axis linear guide 102Y 2 . 

20 [0138] X-axis linear guide 93Xi is composed of, for example, 
an armature unit and a mover such as a magnetic pole unit that 
is arranged on a stage main body 63Xi configuring wafer stage 
WST1 is placed in a state of enclosing the entire circumference 
of X-axis linear guide 93Xi. In other words, X-axis linear 

25 guide 93Xi and the mover constitute an X-axis linear motor 
(hereinafter, referred to as an 'X-axis linear motor 93 Xi' 
by using the same reference numeral as X-axis linear guide 
93Xi serving as a stator for the sake of convenience) that 
drives wafer stage WST1 in the X-axis direction. 
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[0139] Similarly, the second drive system that drives wafer 
stage WST2 is equipped with Y-axis linear guides 104Yi and 104Y 2 
in pairs that are placed respectively on one side and the 
another side (+X side) of the X-axis direction (-X side) on 
5 wafer stage base 12, and extends in the Y-axis direction, 
Y-axis sliders 94Y X and 94Y 2 in pairs that move along Y-axis 
linear guides 104Yi and 104Y 2 , X-axis linear guide 93X 2 that 
move in the Y-axis direction integrally with Y-axis sliders 
94Yi and 94Y 2 that are arranged on both ends of X-axis linear 

10 guide 93X 2 , and the like. 

[0140] In this case, Y-axis linear motor 114Yi is composed of 
Y-axis slider 94Yi and Y-axis linear guide 104Yi. Further, 
Y-axis linear motor 114Y 2 is composed of Y-axis slider 94Y 2 
and Y-axis linear guide 104Y 2 . 

15 [0141] X-axis linear guide 93X 2 is composed of, for example, 
an armature unit and a mover such as a magnetic pole unit that 
is arranged on a stage main body 63X 2 configuring wafer stage 
WST2 is placed in a state of enclosing the entire circumference 
of X-axis linear guide 93X 2 . In other words, X-axis linear 

20 guide 93X 2 and the mover constitute an X-axis linear motor 
(hereinafter, referred to as an ^X-axis linear motor 93X 2 * by 
using the same reference numeral as X-axis linear guide 93X 2 
serving as a stator for the sake of convenience) that drives 
wafer stage WST2 in the X-axis direction. 

25 [0142] Y-axis linear motors 112Yi, 112Y 2 , 114Y X , and 114Y 2 , and 
X-axis linear motors 93Xi and 93X 2 are controlled by stage 
controller 19 in FIG. 4 according to instructions from main 
controller 20. 

[0143] On the upper surface of Y-axis slider 92Y 2 , reader 33A 
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that constitutes a part of linear encoder ENC1 similar to the 
one in the first embodiment is arranged. On the upper surface 
portion on the -Y side end of Y-axis linear guide 102Y 2 , main 
scale 31A that constitutes linear encoder ENC1 is arranged 
5 in parallel with the upper surface of Y-axis linear guide 102Y 2 , 
facing reader 33A. 

[0144] Further, also on the upper surface of Y-axis slider 
94Yi, reader 33B that constitutes a part of linear encoder ENC2 
similar to the one in the first embodiment is arranged. On 
10 the upper surface portion on the +Y side end of a stator 104Yi 
of the Y-axis linear motor, slit plate 31B is arranged in 
parallel with the upper surface of stator 104Yi, facing reader 
33B. 

[0145] Wafer stages WST1 and WST2 are configured containing 
15 stage main bodies 63X X and 63X 2 , and a wafer table, as in the 
case of the first embodiment. The basic configuration is 
similar to the one of the first embodiment, excluding the 
difference in the shapes. However, X movable mirror 97X of 
wafer stage WST2 is arranged in the +X side end portion of 
20 wafer stage WST2 to correspond to the arrangement of the 
interferometer described below, which is different from the 
case of the first embodiment. 

[0146] Next, the interferometer system of the second 
embodiment will be described, referring to FIG. 7. 
25 [0147] As is shown in FIG. 7, an interferometer system of the 
embodiment is equipped with X-axis interferometer 40Xi that 
irradiates the interferometer beam having the measurement 
axis parallel to the X-axis toward optical axis AX of 
projection optical system PL from the +X direction, X-axis 
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interferometer 40X 2 that irradiates the interferometer beam 
having the measurement axis parallel to the X-axis toward the 
optical axis of alignment system ALG from the +X direction, 
an X-axis interferometer 40X 3 that is arranged at a 
5 predetermined distance on one side of the Y-axis direction 
(-Y direction) with respect to X-axis interferometer 40Xi and 
irradiates the interferometer beam having the measurement 
axis parallel to the X-axis, an X-axis interferometer 40X 4 that 
is arranged at a predetermined distance in the other side of 

10 the Y axis direction (+Y direction) of X-axis interferometer 
40Xi and irradiates the interferometer beam having the 
measurement axis parallel to the X-axis, Y-axis 
interferometer 40Yi that irradiates the interferometer beam 
having the measurement axis crossing the measurement axis of 

15 X-axis interferometer 40Xi perpendicularly at optical axis AX 
of projection optical system PL, and Y-axis interferometer 
40Y 2 that irradiates the interferometer beam having the 
measurement axis crossing X-axis interferometer 40X2 
perpendicularly at the optical axis of alignment system ALG. 

20 [0148] A stage coordinate system during an exposure operation 
on a wafer mounted on one of wafer stages WST1 and WST2 
(hereinafter, referred to as an 'exposure coordinate system' ) 
is set by X-axis interferometer 40Xi and Y-axis interferometer 
40Yi of the interferometers constituting the interferometer 

25 system, and a stage coordinate system during an alignment 
operation on a wafer mounted on one of wafer stages WST1 and 
WST2 (hereinafter, referred to as an 'alignment coordinate 
system' ) is set by X-axis interferometer 40X 2 and Y-axis 
interferometer 40Y 2 . 
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[0149] Further, X-axis interferometer 40X 3 is an 
interferometer that is used when the operation on wafer stage 
WST1 shifts from exposure to alignment or from alignment to 
exposure, and X-axis interferometer 40X 4 is an interferometer 
5 that is used when the operation on wafer stage WST2 shifts 
from exposure to alignment or from alignment to exposure. 
[0150] As it can be seen from FIG. 7, Y-axis interferometers 
40Yi and 40Y 2 are arranged in a state being spaced apart a 
distance L2 longer than the length in the X-axis direction 
10 of Y movable mirrors 96Y and 97Y that are arranged on wafer 
stage WST1 and WST2 respectively. 

[0151] Next, the position exchange of each wafer stage will 
be described, referring to FIGS. 7 to 10, taking the case where 
in the parallel processing using wafer stages WST1 and WST2 

15 in the embodiment, wafer stage WST1 moves from an area below 
projection optical system PL (the first specific area where 
exposure is performed) to an area below alignment system ALG 
(the second specific area where wafer exchange and wafer 
alignment are performed) , and also wafer stage WST2 moves from 

20 the second specific area to the first specific area, as an 
example . 

[0152] Incidentally, as is obvious from FIG. 7, in the 
embodiment, the first specific area where exposure is 
performed and the second specific area where wafer exchange 
25 and wafer alignment are performed are used by both wafer stage 
WST1 and wafer stage WST2 . 

[0153] Incidentally, in the embodiment, the same position is 
used. as the position where wafer exchange is performed (below 
alignment system ALG) and the position where wafer alignment 
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is performed, however, the present invention is not limited 
to this. The position where wafer exchange is performed can 
be arranged separately (independently) from the position 
where wafer alignment is performed (the position below 
5 alignment system ALG) . Incidentally, in the case where the 
wafer exchange position is arranged separately 
(independently) , it is desirable to arrange the wafer exchange 
position within an area where each stage can move and on the 
movement route on which each stage moves from an area below 

10 projection optical system PL to an area below alignment system 
ALG or from an area below alignment system ALG to an area below 
projection optical system PL, from the viewpoint of the 
throughput and the size reduction of the apparatus. 
[0154] FIG. 7 shows a state where exposure is being performed 

15 to wafer Wl mounted on wafer stage WST1, and the wafer alignment 
is being performed to wafer W2 after the wafer exchange is 
performed on wafer stage WST2 . Incidentally, the exposure 
operation, the alignment operation and the like performed to 
the wafers mounted on each stage are performed in the same 

20 way as in the case of the first embodiment described above. 
[0155] As the wafer exchange and alignment operation on the 
wafer stage WST2 side are completed earlier, stage controller 
19 drives wafer stage WST2 by a predetermined distance in the 
+Y direction and the +X direction toward the waiting position 

25 shown in FIG. 9(A) according to instructions from main 
controller 20. During the movement of wafer stage WST2, as 
is shown in FIG. 8, when wafer stage WST2 proceeds to the 
position where the interferometer beams from X-axis 
interferometers 40X 2 and 40X 4 are simultaneously incident on 
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movable mirror 97X, main controller 20 performs the transfer 
of the measurement values of the interferometers by presetting 
X-axis interferometer 40X 4 using the values of X-axis 
interferometer 40X 2 via stage controller 19. Then, the 
5 position of wafer stage WST2 is controlled based on the 
measurement values of interferometers 40X 4 and 40Y 2 . 
[0156] In this case, as the waiting position shown in FIG. 
9(A), any position can be used if it is the position where 
the Y position of wafer stage WST2 can be measured by linear 

10 encoder ENC2 (the position when main scale 31B is in an inserted 
state in reader 33B) and where the position of wafer stage 
WST2 can be controlled by X-axis interferometer 40X 4 and Y-axis 
interferometer 40Y 2 . Then, wafer stage WST2 waits at a 
predetermined waiting position. 

15 [0157] Then, at the point in time when exposure to wafer Wl 
is completed on the wafer stage WST1 side, stage controller 
19 starts the operation of driving wafer stage WST2 in the 
+X direction, and simultaneously drives wafer stage WST1 in 
the +Y direction to the position where the Y-axis direction 

20 position can be measured by linear encoder ENC1, according 
to instructions from main controller 20. Also during the 
movement, as is described above, main controller 20 transfers 
the measurement values of X-axis interferometer 40Xi and 
X-axis interferometer 40X 3 . FIG. 9(B) shows a state where 

25 wafer stage WST1 moves to the position where the Y position 
of wafer stage WST1 can be measured by linear encoder ENC1. 
[0158] On the other hand, at the point in time when wafer stage 
WST2 moves in the +X direction by a predetermined amount from 
the state in FIG. 9(A), the interferometer beam from Y-axis 
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interferometer 40Y 2 will not be incident on Y movable mirror 
97Y of wafer stage WST2 . At this point in time, the 
interferometer beam from Y-axis interferometer 40Yi is not 
incident on movable mirror 97Y, either. This is because 
5 distance L2 (refer to FIG. 7) of the interferometer beams from 
the adjacent Y-axis interferometer is longer than Y movable 
mirror 97Y as is described above. 

[0159] Therefore, according to instructions from main 
controller 20, during the movement above, stage controller 

10 19 switches the position measuring unit used for measuring 
the Y-position of wafer stage WST2 from Y-axis interferometer 
40Y 2 to linear encoder ENC2 at any point in time before the 
interferometer beams from Y-axis interferometer 40Y 2 will not 
be incident on Y movable mirror 97Y, and stores the value of 

15 Y-axis interferometer 40Y 2 at the switching point in time. 
Further, from the point in time of switching to linear encoder 
ENC2, stage controller 19 servocontrols the second stage drive 
system based on the detection value of linear encoder ENC2 
and constantly maintains the Y position of wafer stage WST2 . 

20 [0160] When wafer stages WST1 and WST2 reach the position shown 
in FIG. 9(B) in the manner described above, stage controller 
19, according to instructions from main controller 20, further 
drives wafer stage WST2 in the +X direction and starts the 
operation of driving wafer stage WST1 in the -X direction. 

25 [0161] During the movement , on the wafer stage WST2 side, wafer 
stage WST2 is further moved in the +X direction to the position 
where the interferometer beams of Y-axis interferometer 40Yi 
is incident on Y movable mirror 97Y as is shown in FIG. 10 (A) , 
and stage controller 19 presets the value of Y-axis 
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interferometer 40Yi to the previously stored value of Y-axis 
interferometer 40Y 2 according to instructions from main 
controller 20 right after the interferometer beam of Y-axis 
interferometer 40Yi begins to be incident on Y movable mirror 
5 97Y. Accordingly, the position measuring unit used for 
measuring the Y position of wafer stage WST2 is switched from 
linear encoder ENC2 to Y-axis interferometer 40Yi. Further, 
from that point in time, the position of wafer stage WST2 is 
measured by interferometers 40X 4 and 40Yi. 

10 [0162] On the other hand, also on the wafer stage WST1 side, 
because the interferometer beam from the Y-axis 
interferometer will not be incident at all during the movement 
in the -X direction as is shown in FIG. 10(A), the position 
measuring unit used for measuring Y position of wafer stage 

15 WST1 is switched from Y-axis interferometer 40Yi to linear 
encoder ENC1 at any point in time before the interferometer 
beam from Y-axis interferometer 40Yi is not be incident on Y 
movable mirror 96Y, and the value of Y-axis interferometer 
40Yi at the switching point in time is stored. Further, from 

20 the point in time of switching to linear encoder ENC1, stage 
controller 19 servocontrols the first stage drive system based 
on the detection value of linear encoder ENC1 and constantly 
maintains the Y position of wafer stage WSTl constant. Then, 
stage controller 19 further moves wafer stage WSTl in the -X 

25 direction to the position where the interferometer beam from 
Y-axis interferometer 40Y 2 is incident on Y movable mirror 96Y, 
and presets the value of Y-axis interferometer 40Y 2 to the 
previously stored value of Y-axis interferometer 40Yi 
according to instructions from main controller 20 right after 
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the interferometer beam of Y-axis interferometer 40Y 2 begins 
to be incident on Y movable mirror 97Y. 

[0163] Then, stage controller 19 drives wafer stages WST1 and 
WST2 respectively along each predetermined movement route via 
5 each linear motor configuring the first or second stage drive 
system, targeting the position shown in FIG. 10(B) while 
sequentially performing the transfer of the measurement 
values of the X-axis interferometer. Then, the position of 
wafer stage WST1 is measured by the alignment coordinate system 

10 and the position of wafer stage WST2 is measured by the exposure 
coordinate system. The position exchange of each wafer stage 
WST1 and WST2 is completed in the manner described above. 
[0164] The position of each stage can be measured with high 
precision by using the interferometer system and the linear 

15 encoders in the manner described above. 

[0165] Incidentally, also in the second embodiment, a state 
(period, zone) where both wafer stages WST1 and WST2 cannot 
be measured by the Y-axis interferometer in the middle of 
moving wafer stages WST1 and WST2 in parallel (in a state where 

20 wafer stage WST2 is moved in the +X direction from an area 
below alignment system ALG to an area below projection optical 
system PL, in parallel with the movement of wafer stage WST1 
in the -X direction from an area below pro j ection optical 
system PL to an area below alignment system ALG) sometimes 

25 exists. In the case where both the stages cannot be measured 
by the Y-axis interferometer, the Y position of wafer stage 
WST1 is controlled by linear encoder ENC1 and the Y position 
of wafer stage WST2 is also controlled by linear encoder ENC2, 
as is previously described. In other words, in the case of 
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moving both the stages in parallel, stage controller 19 can 
perform control in which the Y positions of all the stages 
can be controlled by the linear encoders, depending on the 
position of both the stages (stage controller 19 has the 
5 control mode for controlling both the stages by the linear 
encoder) . 

[0166] As is described above, according to the exposure 
apparatus of the embodiment, even if the case exists where 
only the measurement beam from one of the interferometers in 

10 the two directions that measure the two-dimensional position 
of wafer stages WST1 and WST2 is incident, that is, the case 
exists where no interferometer beams are incident on one of 
the movable mirrors, the position control and movement control 
of wafer stages can be performed with high precision. In other 

15 words, since the size of the movable mirrors does not need 
to be larger, the size of the stages is expected to be smaller, 
and at the same time the increase of cost in manufacturing 
the mirrors and the deterioration in the stage rigidity due 
to increased weight can be avoided, which can suppress the 

20 deterioration in the stage position controllability. 
Therefore, according to the second embodiment, the exposure 
accuracy can be improved as in the case of the first embodiment 
described earlier . 

[0167] Additionally, in the embodiment, as only a single 
25 alignment system is arranged and the second specific area is 
a shared area, the size of the wafer stage base is expected 
to be reduced. Therefore, the flatness of the upper surface 
of the stage base that is a movement datum plane of the stage 
can be improved due to the easy process, which can also improve 
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the stage position controllability. 

[0168] Incidentally, alignment system ALG of the embodiment 
is not limited to the alignment sensor by the image-processing 
method, and can be an LIA sensor or an LSA sensor described 
5 earlier, or can be a sensor by the double diffraction grating 
method as is described earlier. 

[0169] <A third embodiment> 

Next, a third embodiment of the present invention will be 
described, referring to FIGS. 11 to 13. For the constituents 
10 that are the same as or similar to those in the first and second 
embodiments previously described, the same reference numerals 
will be used, and the description thereabout will be brief, 
or entirely omitted. 

[0170] The exposure apparatus of the third embodiment 
15 possesses the features of having the configuration of the stage 
unit or the like different from the case of the exposure 
apparatus related to the first and second embodiments 
described previously and having the arrangement of the 
alignment system different from the case of the second 
20 embodiment. The configuration of other components or the like 
is similar to the first and second embodiments previously 
described. Accordingly, the differences will mainly be 
described in the following description. 

[0171] FIG. 11 schematically shows a stage unit 230 related 
25 to the third embodiment in a planar view. As in the case of 
the first and second embodiments, stage unit 230 is equipped 
with two wafer stages WST1 and WST2 that independently move 
two-dimensionally along the upper surface of wafer stage base 
12 in the X-axis direction (non-scanning direction) and in 
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the Y-axis direction (scanning direction), the first and 
second stage drive systems that drive wafer stages WST1 and 
WST2, respectively, and the like. 

[0172] As is shown in a planar view of FIG. 11, the first stage 
5 drive system that drives wafer stage WST1 is equipped with 
X-axis linear guide 83Xi that is placed on one side of the Y-axis 
direction of wafer stage base 12 (-Y side) and extends in the 
X-axis direction, X-axis slider 84X that moves along X-axis 
linear guide 83X X , Y-axis slider 272Y that moves in the Y-axis 

10 direction along a rectangular opening 55 that is formed in 
a penetrating manner from the +Y side surface to the -Y side 
surface of X-axis slider 84X, and the like. Wafer stage WST1 
is mounted in the vicinity of the end portion in the +Y 
direction of the upper surface of Y-axis slider 272Y. That 

15 is, wafer stage WST1 in the embodiment is configured only by 
the wafer table in the first embodiment described previously 
and a Z-tilt drive mechanism that supports the wafer table, 
but it is referred to as 'wafer stage WST1' for the sake of 
convenience . 

20 [0173] X-axis linear guide 83Xi is configured, for example, 
by an armature unit. X-axis slider 84X has a YZ 
cross-sectional shape resembling the rough reversed letter 
U and is placed so as to enclose X-axis linear guides 83Xi from 
above and from the side as is shown in FIG. 12. On the recessed 

25 portion of X-axis slider 84X facing X-axis linear guide 83Xi, 
a magnetic pole unit (not shown) is arranged. By the magnetic 
pole unit and X-axis linear guide 83Xi, an X-axis linear motor 
180X that drives wafer stage WST1 in the X-axis direction is 
configured. 
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[0174] Y-axis slider 272Y is configured, for example, by an 
armature unit. In the vicinity of rectangular opening 55 of 
X-axis slider 84X, a magnetic pole unit configuring the Y-axis 
linear motors with Y-axis slider 272Y is arranged. 
5 Hereinafter, the Y-axis linear motor described above is 
appropriately referred to as ^Y-axis linear motor 272Y' by 
using the same reference numerals as Y-axis slider 272Y 
configuring the mover of the Y-axis linear motor. 
[0175] Referring back to FIG . 11, the second stage drive system 

10 that drives wafer stage WST2 also has the same configuration 
as in the case of the first stage drive system that drives 
wafer stage WST1 . In other words, as is shown in a planar view 
of FIG. 11, the second stage drive system is equipped with 
X-axis linear guide 83X 2 that is placed on the other side of 

15 the Y-axis direction of wafer stage base 12 (+Y side) and 
extends in the X-axis direction, X-axis slider 85X that moves 
along X-axis linear guide 83X 2 , Y-axis slider 274Y that moves 
in the Y-axis direction along rectangular opening 56 that is 
formed in a penetrating manner from the +Y side surface to 

20 the -Y side surface of X-axis slider 85X, and the like. Wafer 
stage WST2 is mounted in the vicinity of the end portion in 
the -Y direction of the upper surface of Y-axis slider 274Y. 
Wafer stage WST2 in the embodiment is configured only by the 
wafer table and a Z-tilt drive mechanism that supports the 

25 wafer table as is described previously. 

[0176] X-axis linear guide 83X 2 is configured, for example, 
by an armature unit. X-axis slider 85X is placed so as to 
enclose X-axis linear guides 83X 2 from above and from the side 
in the similar manner to the above description. On the 
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recessed portion of X-axis slider 85X facing X-axis linear 
guide 83X 2 , a magnetic pole unit (not shown) is arranged. By 
the magnetic pole unit and X-axis linear guide 83X 2 , X-axis 
linear motor 181X that drives wafer stage WST2 in the X-axis 
5 direction is configured. 

[0177] Y-axis slider 274Y is configured, for example, by an 
armature unit. In the vicinity of rectangular opening 56 of 
X-axis slider 85X, a magnetic pole unit configuring the Y-axis 
linear motors with Y-axis slider 274Y is arranged. 

10 Hereinafter, the Y-axis linear motor described above is 
appropriately referred to as ^Y-axis linear motor 21 AX' by 
using the same reference numerals as Y-axis slider 21 AY 
configuring the mover of the Y-axis linear motor. 
[0178] X-axis linear motors 180X and 181X and Y-axis linear 

15 motors 272Y and 274Y are controlled by stage controller 19 
in FIG. 4, according to instructions from main controller 20. 
[0179] Incidentally, the driving means that can move wafer 
stages WST1 and WST2 to Y-axis sliders 272Y and 274Y 
respectively can be arranged. As the driving means, the means 

20 making use of the Lorentz force (electromagnetic interaction) 
such as a linear motor and a voice coil motor, or an 
electromagnet, a rotary motor or the like can be used. In this 
case, as the configuration of wafer stages WST1 and WST2, the 
configuration movable in at least one of the directions of 

25 three degrees of freedom (X-axis, Y-axis, 0z, or Z-axis, 0x, 
0y) related to Y-axis sliders 272Y and 274Y can be employed, 
or the configuration movable in at least two of the directions 
of six degrees of freedom (X, Y, Z, 0x, 0y, 0z) can be employed. 
By such employment, X-axis linear motors 180X and 181X and 
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Y-axis linear motors 272Y and 274Y can be used as a rough 
movement mechanism of each stage and the driving means can 
be used as a fine movement mechanism. 

[0180] Further, wafer stages WST1 and WST2 can be supported 
5 on stage base 12 using air bearings or the like, however, a 
driving force is generated in the Z-axis direction between 
wafer stages WST1 and WST2, and Y-axis sliders 272Y and 274Y 
by arranging the driving means, and the driving force can be 
used for supporting wafer stages WSTl and WST2 . This allows 

10 a member having a surface (movement datum plane) of high 
flatness degree that serves as a movement datum of wafer stage 
WSTl and WST2 such as stage base 12 to be omitted. 
[0181] As is shown in FIG. 12, on the lower surface of wafer 
stage WSTl, reading unit 33A configuring linear encoder ENC1 

15 for measuring the Y position of wafer stage WSTl is arranged, 
and facing reading unit 33A, main scale 31A configuring linear 
encoder ENC1 protrudes in the +Y direction from the +X side 
surface of X-axis slider 84X. 

[0182] Similarly, as is shown in FIG. 11, on the lower surface 
20 of wafer stage WST2, reading unit 33Bi configuring linear 
encoder ENC2 for measuring the Y position of wafer stage WST2 
is arranged, and facing reading unit 33Bi, main scale 31Bi 
protrudes in the -Y direction from the -X side surface of X-axis 
slider 85X. 

25 [0183] Further, on the +Y side surface of X-axis slider 85X, 
reading unit 33B 2 configuring linear encoder ENC2 2 for 
measuring the X position of wafer stage WST2 is arranged, and 
facing reading unit 33B 2 , main scale 31B 2 protrudes in the +X 
direction from support member 52D, substantially parallel to 



Japanese Paten Application Publication No. JP2003-24 94 4 3 

82 

X-axis linear guide 83X2. 

[0184] Next, the interferometer system of the third embodiment 
will be described based on FIG. 11. 

[0185] As is shown in FIG. 11, the interferometer system of 
5 the embodiment is equipped with X-axis interferometer 40Xi 
that irradiates the interferometer beam whose measurement 
axis is parallel to the X-axis from +X direction toward optical 
axis AX of projection optical system PL, X-axis interferometer 
40X 2 that irradiates the interferometer beam whose measurement 

10 axis is parallel to the X-axis from the +X direction toward 
the optical axis of alignment system ALG, Y-axis 
interferometer 40Yi that irradiates the interferometer beam 
whose measurement axis crosses the measurement axis of X-axis 
interferometer 40X X perpendicularly at optical axis AX of 

15 projection optical system PL, and Y-axis interferometer 40Y 2 
that irradiates the interferometer beam whose measurement 
axis crosses the measurement axis of X-axis interferometer 
40X 2 perpendicularly at the optical axis of alignment system 
ALG. 

20 [0186] An exposure coordinate system used for position 
measurement during the exposure operation of each stage is 
set by X-axis interferometer 40Xi and Y-axis interferometer 
40Yi, and an alignment coordinate system used for position 
measurement during the wafer exchange and the alignment 

25 operation of each stage is set by X-axis interferometer 40X 2 
and Y-axis interferometer 40Y 2 . 

[0187] Next, the position exchange of each wafer stage will 
be briefly described below with the case where in a parallel 
processing operation using wafer stage WST1 and wafer stage 
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WST2 of the embodiment, wafer stage WST1 moves from an area 
just below projection optical system PL to an area just below 
alignment system ALG, and also wafer stage WST2 moves from 
an alignment area to an exposure area, as example. 
5 [0188] FIG. 11 shows a state where an exposure operation is 
being performed on wafer Wl on the wafer stage WST1 side, while 
an alignment operation is being performed on the wafer stage 
WST2 side. When the alignment operation on the wafer stage 
WST2 side is completed from this state, stage controller 19 

10 moves wafer stage WST2 in the +Y direction according to 
instructions from main controller 20. In this case, as it can 
be seen in FIG. 11, wafer stage WST1 and wafer stage WST2 are 
overlapped in the X-axis direction (in a line in the Y-axis 
direction) , and a state where the interferometer beams from 

15 the X-axis interferometer are not incident at all on movable 
mirror 97X on wafer stage WST2 exists. 

[0189] Therefore, based on instructions from main controller 
20, during the movement above, stage controller 19 switches 
the position measuring unit used for measuring the X position 

20 of wafer stage WST2 from X-axis interferometer 40X 2 to linear 
encoder ENC22 at any point in time before the interferometer 
beams from X-axis interferometer 4 0X 2 is not incident on X 
movable mirror 97X, and stores the value of X-axis 
interferometer 40X 2 at the switching point in time, and also 

25 the value of X-axis interferometer 40X 2 at the time of the 
switching. Further, from the point in time of switching to 
linear encoder ENC2 2 , stage controller 19 servocontrols X-axis 
linear motor 181X configuring the second stage drive system 
based on the detection value of linear encoder ENC2 2 and 
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constantly maintains the X position of wafer stage WST2. 
[0190] Then, at the point in time when the exposure operation 
of wafer stage WST1 is completed, wafer stage WST1 is driven 
in the -Y direction by stage controller 19 based on 
5 instructions from main controller 20. And then, when the 
X-axis interferometer that measures the X position of wafer 
stage WST1 is transferred from X-axis interferometer 40Xi to 
X-axis interferometer 40X 2 , the interferometer beam from 
X-axis interferometer 40Xi is incident on X movable mirror 97X 

10 of wafer stage WST2 . At this point in time, stage controller 
19 presets the values of X-axis interferometer 40Xi to the 
values of X-axis interferometer 40X 2 that has been stored in 
advance, in response to instruction from main controller 20. 
FIG. 13 shows this state. 

15 [0191] Subsequently, as in the first and second embodiments, 
stage controller 19 moves wafer stage WST1 to an area just 
below alignment system ALG using Y-axis interferometer 40Yi, 
encoder ENC1 and Y-axis interferometer 40Y 2 in sequence, 
according to instructions of main controller 20. 

20 [0192] Similarly, stage controller 19 moves wafer stage WST2 
just to an area just below projection optical system PL using 
Y-axis interferometer 40Y 2 , encoder ENC2i and Y-axis 
interferometer 40Yi in sequence, according to instructions of 
main controller 20. 

25 [0193] As is described above, by using the interferometer 
system and the linear encoders, the position of each stage 
can be measured with high precision. 

[0194] That is, in the embodiment, position control and 
movement control can be performed with high precision by 
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combination use of the linear encoders and the interferometers 
as the position measuring unit, even in the case where the 
interferometer beam from only one of the interferometers in 
two directions that measure the two-dimensional position of 
5 wafer stages WST1 and WST2 is incident, that is, the case where 
the interferometer beams are not incident on one of the movable 
mirrors at all. That is, the size of the movable mirrors does 
not need to be larger, which can avoid high costs in 
manufacturing the mirrors and deterioration of the position 
10 controllability of the wafer stages due to the larger size 
of the mirrors. This enables the position controllability of 
wafer stages to improve. 

[0195] Further, the reduction of the manufacturing cost can 
be expected because the number of the interferometers and the 

15 number of the measurement axes of the interferometers are not 
required to be increased in order to prevent the interferometer 
beams from missing the movable mirrors on the wafer stages. 
[0196] Further, because the axis passing through the 
projection center of the projection optical system and the 

20 detection center of the alignment system is not parallel to 
either the X-axis or the Y-axis of the measurement axes of 
each interferometer (oblique to each axis direction) , in other 
words, the projection center of projection optical system PL 
and the detection center of the alignment system are placed 

25 diagonally on wafer stage base 12, it is possible to shorten 
the distance between the projection center and the detection 
center in the X-axis and Y-axis directions, compared with the 
case where each area is placed parallel to any axis. That is, 
the footprint of the exposure apparatus can be reduced. 
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Further, the number of the interferometers can be reduced (in 
the second embodiment, the number of the interferometers is 
six, but in the third embodiment, four is enough) . Further, 
because the measurement axes on the exposure operation and 
5 on the alignment operation can be in the same direction, the 
position control of each wafer stage can be performed, for 
example, without increasing the number of the movable mirrors 
arranged on the wafer stages or the number of the 
interferometers, which enables the cost reduction in 

10 manufacturing the exposure apparatus. 

[0197] Further, also in the third embodiment described above, 
as in the first and second embodiments, the axis passing 
through the center of the projection optical system and the 
detection center of the alignment system can be placed parallel 

15 to one of the measurement axes (X-axis, Y-axis) of the 
interferometers . 

[0198] Further, in each of the embodiment above, a linear 
encoder (by the optical method) has been used as the second 
position measuring unit. The present invention, however, is 

20 not limited to this, and not only a magnetic (electromagnetic) 
encoder (magnet scale) , but also a Hall sensor (displacement 
sensor that uses Hall elements) , a capacitance sensor 
(displacement sensor that measures displacement of an object 
using change in capacitance) or the like can be used as the 

25 second position measuring unit. 

[0199] Further, the case where the movable mirror as a 
reflection surface used for position measurement of wafer 
stages WST1 and WST2 is fixed on the wafer stage has been 
described in each embodiment described above. The present 
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invention is, however, not limited to this, and the side 
surfaces of wafer stages WST1 and WST2 can be polished to form 
a reflection surface. Further, in each embodiment above, the 
configuration in which the main scale side is fixed and the 
5 index side is movable is employed as the configuration of the 
linear encoder, but the opposite case is of course possible. 
[200] Further, in each embodiment above, the case where wafer 
stages WST1 and WST2 both move two-dimensionally has been 
described. This invention, however, is not limited to this. 

10 That is, on a stage unit having multiple stages whose positions 
are measured by interferometers, in the case where in any zone 
within a moving area of at least one specific stage, the 
measurement beams from the interferometers are cut off from 
irradiating on the reflection surfaces by movement of another 

15 stage, the present invention can also be suitably applied to 
such a stage unit even if the specific stage moves only in 
one direction. 

[0201] Further, the case where the present invention has been 
applied to wafer stages has been described in each embodiment 
20 described above. The present invention, however, is not 
limited to this, and for example, in the case where multiple 
reticle stages are arranged, the present invention can be 
applied to these reticle stages. 

[0202] Further, the case where the stage unit and the stage 
25 position control method related to the present invention have 
been applied to the exposure apparatus has been described in 
each embodiment described above. The present invention, 
however, is not limited to this, and can be applied to other 
precision instruments or the like having multiple movable 
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stages . 

[0203] Further, the case where the present invention has been 
applied to a scanning exposure apparatus by the step-and-scan 
method or the like has been described in each of the embodiments 
5 above. It is a matter of course that the present invention 
is not limited to this, and more specifically, the present 
invention can also be suitably applied to a reduction 
projection exposure apparatus by the step-and-repeat method. 
[0204] The usage of the exposure apparatus to which the present 

10 invention is applied is not limited to the exposure apparatus 
used for manufacturing semiconductor devices. For example, 
the present invention can be widely applied to an exposure 
apparatus for manufacturing liquid crystal displays which 
transfers a liquid crystal display deice pattern onto a square 

15 shaped glass plate, and to an exposure apparatus for 
manufacturing thin-film magnetic heads, micromachines , DNA 
chips or the like. Further, the present invention can also 
be suitably applied to an exposure apparatus that transfers 
a circuit pattern onto a glass substrate or a silicon wafer 

20 not only when producing microdevices such as semiconductors, 
but also when producing a reticle or a mask used in exposure 
apparatus such as an optical exposure apparatus, an EUV 
exposure apparatus, an X-ray exposure apparatus, or an 
electron beam exposure apparatus. 

25 [0205] Further, the light source of the exposure apparatus 
in the embodiment above is not limited to a pulsed ultraviolet 
light source such as an F 2 laser light source, an ArF excimer 
laser light source and a KrF excimer laser light source, or 
an ultra high-pressure mercury lamp that generates a bright 
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line such as the g-line (wavelength 436 nm) or the i-line 
(wavelength 365 nm) can also be used. 

[0206] Further, a harmonic wave can also be used that is 
obtained by amplifying a single-wavelength laser beam in the 
5 infrared or visible range emitted by a DFB semiconductor laser 
or fiber laser, with a fiber amplifier doped with, for example, 
erbium (or both erbium and ytteribium) , and by converting the 
wavelength into ultraviolet light using a nonlinear optical 
crystal. Further, the projection optical system is not 

10 limited to a reduction system, and the system can be either 
an equal magnifying system or a magnifying system. 
[0207] Incidentally, the semiconductor device is manufactured 
through the step of performing the function and performance 
design of the device, the step of manufacturing the reticle 

15 based on the design step, the step of preparing the wafer from 
silicon material, the step of transferring the device pattern 
formed on the reticle onto the wafer by the exposure apparatus 
in the embodiment above, the step of assembling the device 
(including the dicing process, the bonding process and the 

20 packaging process) , the inspection step and the like. In this 
case, since the exposure apparatus in the embodiment above 
transfers the reticle pattern onto the wafer with high 
precision, the yield of the devices as final products is 
improved, which makes it possible to improve its productivity. 

25 [0208] 

[EFFECT OF THE INVENTION] As is described above, the stage 
unit and the stage position control method of the present 
invention have the effect of improving the stage position 
setting accuracy without increasing the cost. 
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[0209] Further, the exposure apparatus of the present 
invention has the effect of transferring a pattern onto a 
substrate with high precision. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
5 FIG. 1 is a view showing a schematic configuration of an 
exposure apparatus related to a first embodiment of the present 
invention . 

FIG . 2 is a planar view of a stage unit in Fig. 1. 
FIG. 3 is a perspective view showing one side of a wafer stage 
10 and the circumferences extracted from FIG. 2. 

FIG. 4 is a block diagram showing a control system in the first 
embodiment . 

FIGS. 5 (A) and 5(B) are views (No. 1) for describing a position 
measurement method in a parallel operation of two wafer stages 
15 related to the first embodiment. 

FIGS. 6(A) and 6(B) are views (No. 2) for describing a position 
measurement method in a parallel operation of two wafer stages 
related to the first embodiment. 

FIG. 7 is a planar view of a stage unit related to a second 
20 embodiment of the present invention. 

FIG. 8 is a view (No. 1) for describing a position measurement 
method in a parallel operation of two wafer stages related 
to the second embodiment. 

FIGS. 9(A) and 9(B) are views (No. 2) for describing a position 
25 measurement method in a parallel operation of two wafer stages 
related to the second embodiment. 

FIGS. 10(A) and 10(B) are views (No. 3) for describing a 
position measurement method in a parallel operation of two 
wafer stages related to the second embodiment. 
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FIG. 11 is a planar view of a stage unit related to a third 
embodiment of the present invention. 

FIG. 12 is a perspective view showing a wafer stage and the 
drive system in Fig. 11. 
5 FIG. 13 is a planar view showing an example of a stage unit 
in Fig. 11 in a parallel operation. 
[EXPLANATIONS OF REFERENCE NUMBERS] 
10 Exposure apparatus 

19 Stage controller (part of movement control unit) 

10 20 Main controller (part of control unit / movement 

control unit) 
30 Stage unit 

40Xi, 40X 2 , 40Yi to 40Y 3 

Interferometer (first position measuring unit) 
15 ALG1, ALG2 

Alignment system (mark detection system) 
ENC1, ENC2 

Linear encoder (second position measuring unit) 
PL Projection optical system 

20 R Reticle (mask) 

SA1 Exposure area (first specific area) 

SA2a, SA2b 

Alignment area (second specific area) 
W Wafer (substrate) 

25 WST1 Wafer stage (first stage) 

WST2 Wafer stage (second stage) 



